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PREFACE

Flight Crew Integration design requirements for the International Space Station (ISS) are defined
and controlled herein. These requirements are applicable as referenced by the System
Specification, Segment Specifications, and End Item Specifications only.

This document is an extraction of the requirements contained in NASA-STD-3000, Volume 1V,
Revision A, tailored to the International Space Station Program. Where possible, the paragraph
numbering of this document is consistent with the NASA-STD-3000 paragraph format to retain
traceability to the source of the requirements.

The contents of this document are intended to be consistent with the tasks and products to be
prepared by NASA Work Package Centers and Space Station Program (SSP) participants as
defined in SSP 41000, System Specification for the International Space Stdt®n.

International Space Station Flight Crew Integration Standard (NASA-STD-3000/T)) shall be
implemented on all new SSP contractual and internal activities and shall be included in any
existing contracts through contract changes. This document is under the control of the Space
Station Control Board, and any changes or revisions will be approved by the Program Manager.
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1.0 INTRODUCTION

1.1 PURPOSE

This document provides Flight Crew Interface requirements applicable to the International Space
Station Program extracted from NASA-STD-3000, Volume IV, Revision A. The requirements

in this document are applicable only as invoked by the System Specification, Segment
Specifications, Prime Item Development Specifications, and lower level components
specifications.

1.2 OVERVIEW
1.3 SCOPE, PRECEDENCE, AND LIMITATIONS

1.3.1 SCOPE

This document establishes performance, design, development, and integration requirements for
Flight Crew interfaces.

1.4 HOW TO USE THE DOCUMENT

This document was extracted from the Man—Systems Integration Standards ((MSIS)
NASA-STD-3000, Volume IV, Revision A). The paragraph numbering remains consistent with
the MSIS document.

It is recommended that those designing hardware and systems for the International Space Station
acquire a copy of Volume IV, Revision A and Volume | of the MSIS, because the considerations
and examples sections of each of the chapters in those volumes contain background and
supporting information which could be of considerable value in the design process.

1.5 HOW TO USE THE STANDARD RELATIONAL DATABASE

1.6 DEFINITIONS AND ABBREVIATIONS

A set of basic definitions is herewith established for orientation and simplification of
organization and coordination of work. The definitions are followed by a set of updated names,
agreed—to abbreviations, and corresponding comments.

1.6.1 HUMAN FACTORS/ERGONOMICS

The terms Human Factors and Ergonomics are often used interchangeably. Both are concerned
with the interaction of the operator and the task demands. However, they have somewhat
different focuses. Human Factors relates to the consideration of the user in the design of
equipment, operations, and systems with the goal of enhancing functional effectiveness while
maintaining or enhancing human well-being (e.g., physical and mental health, safety, and
satisfaction) in the process. Ergonomics focuses on the effect equipment, operations, and
systems have on the user. This includes the physiological responses of the user to physically
demanding tasks and environmental stressors such as vibration, heat, and noise.
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1.6.2 HUMAN ENGINEERING

Human Engineering (or Human Factors Engineering) is the systematic application of relevant
data, principles, and practices of Human Factors and Ergonomics to the design of equipment,
operations, and systems. These data, principles, and practices come from a number of fields of
study, including:

Anatomy and physiology of sense organs and skeletal musculature

Anthropometry

Kinematics and dynamics of body motion

Physical work performance

Environmental stresses

Psychology

Sensory and perceptual behavior

I 0" MmO o0 ® »

Learning and training

Motivation

J. Sociology

1.6.3 MAN-SYSTEMS INTEGRATION

Man-Systems Integration applies the systems’ approach to the integration of the user and the
“machine” to form an effective, symbiotic Man—Machine System. Hardware, software, and
operations development must take into account the limitations and capabilities of the human
operator. Selection and training of personnel are also considered important facets of
Man-Systems Integration.

1.6.4 MAN-MACHINE SYSTEMS

A Man—Machine System is a combination of one or more human beings and one or more
physical components that are integrated through the common purpose of achieving some
objective. In this concept, the human is considered a component or subsystem of the larger
system. These components interact within the system environment to bring about, from given
inputs, some desired output. The major elements of a system that must be addressed during
system development are hardware and software, personnel, operating procedures, and technical
data.

1.6.5 MAN-MACHINE INTERFACE

The Man—Machine Interface is the interface through which the human is able to sense the state
of the system and environment and respond accordingly. This includes hardware, its spatial
interrelationships, and the display of information. The latter includes the modality, quantity,
guality, arrangement, and organization of the information presentation.
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1.6.6 HUMAN-COMPUTER INTERFACE

The Human—Computer Interface is the communication interface between the user and the
computer. Since data and information is transmitted and received via this interface, it is
considered a matter of dialogue management. This is a software interface. To facilitate the
real-time interactions between the user and computer, the Human—Computer Interface employs a
variety of tools, including methods for moving between displays, windowing techniques,

methods for selecting information from a display, user guidance, and interactive dialogue
techniques.

1.6.7 INTERFACE LANGUAGE

Through the use of the interface language, the operator conveys commands or queries to the
computer and the computer conveys information to the user. Linguistic styles involve the use of
menus, windows, forms, etc.

1.6.8 HABITABILITY

Habitability is defined as the quality of life in an environment. It is a general term which

denotes a level of perceived environmental acceptability. The term includes quality standards to
support the crew’'s health and well being during the duty and off—duty periods. The basic level
of habitability deals with the direct environment, like climate, food, noise, light, etc., influencing
primarily human physical condition.

The extended level of habitability is introduced to take care of the long—term condition of the
on—orbit stay time and supply not only the individuals’ physical health but also the
mental/psychological health. Experience has shown that with the passage of time deleterious
effects of isolation and confinement gain prominence.

1.6.9 ANTHROPOMETRY

Anthropometry is the study of body dimensions. Anthropometric data falls into two categories:

A. Static anthropometry, which deals with simple dimensions of the stationary human; e.g.,
weight, stature, and the lengths, breadths, depths, and circumferences of the human body.

B. Dynamic anthropometry, which deals with the body dimensions during motion; e.g., reach
and angular ranges of various joints.

1.6.10 BIOMECHANICS

Biomechanics is the study of the mechanics of living things. Its application in ergonomics deals
with the mechanisms, range, and accuracy of human movement, as well as strength (force),
speed, and endurance of the human body.

1.6.11 PHYSIOLOGY

Physiology is the study of the function of the body, i.e., how the body works. In ergonomics, the
main emphasis is on how work and exposure to the working environment affect the normal
working of the body, which can affect the health and well-being of the individual. The aim is to
reduce fatigue and physical stress, increase comfort, and reduce monotony and boredom.
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1.6.12 PSYCHOLOGY

Psychology is the study of human behavior. Particular emphasis is placed on psychomotor skills
(acquired abilities to perform tasks with the muscles in response to sensory stimuli, involving
learning and feedback), perception, mental abilities, and mental workload.

1.6.13 SOCIAL FACTORS

Social factors are social, psychological, and sociological items which deal with group behavior,
interpersonal behavior, and the social and cultural influences within group dynamics.

1.6.14 OCCUPATION HEALTH (INDUSTRIAL MEDICINE)

Occupational health (industrial medicine) deals with the physical and mental health effects of a
person’s job and the working environment.

1.6.15 ENVIRONMENT

The environment includes all external factors that affect the human being, such as:

Climate

Vibro—acoustics

Lighting

Working/living space

Psycho-socio—cultural environment

Micro—g environment

®© Mmoo w

Radiation

Many of these factors overlap or interact with each other.
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The following applicable documents of the exact issue shown in the current issue of SSP 50257
form a part of this specification to the extent specified herein. Inclusion of applicable documents
herein does not in any way supercede the order of precedence identified in 1.3. The references
show where each applicable document is cited in this document.

DOCUMENT NO.

ACGIH

References:

References:
ANSI| Z7136.1
References:

CIE

References:
FED-STD-595
References:

ISO 2631

References:

JSC 32283

References:

MIL-A-25165

References:

MIL-C-25050

References:

TITLE

American Conference of Governmental Industrial
Hygienists Standards, Threshold Limit Values and
Biological Exposure Indices for 1987-1988

5.7.3.2.1.B

American Hospital Formulary Service
10.9.3.1.2.B.(2)

ANSI Standard for the Safe Use of Lasers
5.7.3.2.1.B, 5.7.3.2.2.A.(1)

Commision International De L'Eclairage
Coordinates Chart Chromaticity Diagram 1931

9.4.2.3.1.1.B.(1), 9.5.3.2
Colors Used in Government Procurement
9.2.2.2.4.A,9.3.3.4.1.2.L.(2), 9.5.3.2.1.(8)a

Guide for the Evaluation of Human Exposure to
Whole Body Vibration

55.3.34.D

Nutritional Requirements for Extended Duration
Orbiter Missions and Space Station

7.2.2.3.1.A.(1), 7.2.2.3.1.B.(1)

Identification of Aircraft Emergency Escape
System

8.8.3.4

Color, Aeronautical Lights and Lighting
Equipment, General Requirements for

6.6.3.3.D, 9.5.3.2.1.(4)a, 9.5.3.2.1.(4)b
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MIL-G-174
References:
MIL-G—-25667
References:
MIL-G-25871
References:

MIL-O-13830

References:

MIL-STD-210

References:
MIL-STD-1189
References:
MIL-STD-1474
References:

MIL-STD-2073

References:

NASA-TM-86538

References:

NASA-TM-103575

References:

15 December 1999

Optical Glass
11.11.3.1.5.A.(3), 11.11.3.1.5.A.(4), 11.11.3.2.G

Aircraft Glazing Glass, Monolithic
11.11.3.1.5.B.(1)

Aircraft Glazing Glass, Laminated
11.11.3.1.5.B.(2)

Optical Components for File Control Instruments;
General Specification Governing the
Maufacturing, Assembly, and Inspection of

11.11.3.1.5.A.(1), 11.11.3.2.C

Climatic Information to Determine Design and
Test Requirements for Military Systems and
Equipment

11.12.3.B
TBD

9.5.3.1.15

Noise Limits for Military Material (Metric)
5.4.3.1.B.(1), 5.4.3.2.4

DOD Material Procedures for Development and
Application of Packaging Requirements

11.12.3.B

Design and Verification Guidelines for
Vibroacoustic and Transient Environmnents

11.12.3.B

Space Transportation System and Associated
Payloads: Glossary, Acronyms and Abbreviations

9.6.2.8.K.(2)
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IEEE C95.1

References:

SSP 30240

References:

SSP 30245

References:

SSP 30233

References:

SSP 30560

References:

SSP 30575

References:

SSP 41047

References:

SSP 50007

References:

SSP 50008

References:

15 December 1999

IEEE Standard for Safety Levels with Respect to

Human Exposure to Radio Frequency
Electromagnetic Fields, 3KHZ to 300 GHZ

5.7.3.2.1.A

Space Station Grounding Standard Requirements
6.4.3.1.G

Space Station Electrical Bonding Requirements
6.4.3.2

Space Station Requirements for Materials and

Processes

6.4.3.8

Glass, Window, and Ceramic Structural Design

and Verification Requirements

11.11.3

Space Station Interior and Exterior Operational

Location Coding System Document

8.5.3.1, 9.5.3.1.7.2.B.(4), 9.5.3.1.7.1.C.(2),

9.5.3.1.7.1.C.(4)a, 9.5.3.1.7.1.D, 9.5.3.1.7.1.E.(1),
9.5.3.1.7.1.E.(2), 9.5.3.1.7.1.F.(2)a,
9.5.3.1.7.1.G.(1), 9.5.3.1.7.1.J.(1)b, 9.5.3.1.9.1.A,
9.5.3.1.9.2.A.(1)

Space Station Freedom Program, Man Systems

Stowage Units Standard Interface Development
Document

11.12.3.B

Space Station Inventory Management System

Label Specification

11.2.3.5.Fand 11.12.3.G
International Space Station Interior Color Scheme

8.5.3.3,8.12.3,9.2.2.24.E, 11.7.2.3.2.4.B
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USA Standard Typewriter Pairing of the
American Standard Code for Information
Interchange

9.3.34.11A

The following documents are referenced in this specification as a guide for context and user
convenience. The references to these documents are not listed in SSP 50257.

DOCUMENT NO.

AFSC DH 2-2
JPL 86-14

JSC 27260 Part 2
JSC 20793
MIL-H-8810
MIL-K-25049

MIL-M-3719/4
MIL-STD-1348
MIL-STD-1472

MS33739
NASA RP 1024 Volume 1

NASA RP 1024 \olume 2
NASA-STD-3000 Volume |

NASA-STD-3000 Volume IV
Revision A

NSTS 13830

NRC Regulations

TITLE

Federal Register, Volume 51, No. 6,1986,
Appendix B

Crew Stations and Passenger Accommodations
NASA Aerospace Battery Safety Handbook
Decal Process Document and Catalog
Manned Space Vehicle Battery Safety Handbook
Handle Control, Aircraft (ASG)

Knobs, Control, Electronic Equipment, General
Specifications for

TBD
Knob, Control Selection of

Human Engineering Design Criteria for Military
Systems, Equipment and Facilities

TBD

Anthropometric Source Book: Volume 1:
Anthropology Staff/Web Associates

Anthropometric Source Book: Volume 2: TBD
Man-Systems Integration Standards

Man-Systems Integration Standards

TBD

Nuclear Regulatory Commission Regulations
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SP-2-86L-064 Anthropometric Study of Astronaut Candidates,
1979 to 1980 (Unpublished data), NASA-JSC

SSP 41000 International Space Station System Specifications

SSP 50254 Operations Nomenclature
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3.0 ANTHROPOMETRY AND BIOMECHANICS

3.1 INTRODUCTION

This paragraph is not applicable for this document.

3.2 GENERAL ANTHROPOMETRICS AND BIOMECHANICS RELATED DESIGN
CONSIDERATIONS

This paragraph is not applicable for this document.

3.3 GENERAL ANTHROPOMETRICS AND BIOMECHANICS RELATED DESIGN DATA

3.3.1 BODY SIZE

3.3.1.1 INTRODUCTION

This paragraph is not applicable for this document.

3.3.1.2 BODY SIZE DESIGN CONSIDERATIONS

3.3.1.3 BODY SIZE DATA DESIGN REQUIREMENTS

The data shown in Figure 3.3.1.3-1, dimensions of the projected year 2000, 40 year old
American male and the 40 year old Japanese female, shall be used when designing all Space
Station Intravehicular Activity (IVA) flight crew interfaces.
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Female

\

916

Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
1 805 Stature 148.9 (58.6) 157.0 (61.8) 165.1 (65.0)
1 973 Wrist height 70.8 (27.9) 76.6 (30.2) 82.4 (32.4)
64 Ankle height 5.2 (2.0) 6.1 (2.4) 7.0 (2.8)
1 309 Elbow height 92.8 (36.5) 98.4 (38.8) 104.1 (41.0)
169 Bust depth 17.4 (6.8) 20.5 (8.1) 23.6 (9.3)
1 916 Vertical trunk circumfrence 136.9 (53.9) 146.0 (57.5) 155.2 (61.1)
1,2 612 Midshoulder height, sitting
459 Hip breadth, sitting 30.4 (12.0) 33.7 (13.3) 37.0 (14.6)
1 921 Waist back 35.2 (13.9) 38.1 (15.0) 41.0 (16.1)
506 Interscye 32.4 (12.8) 35.7 (14.1) 39.0 (15.4)
639 Neck circumfrence 34.5 (13.6) 37.1(14.6) 39.7 (15.6)
754 Shoulder length 11.3 (4.4) 13.1 (5.1) 14.8 (5.8)

General Notes:

(&) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement data — the number adjacent to each of the dimension are reference codes. The samg
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure

plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:
(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See

NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-

shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

(2) Sitting height would be better named as buttock—vertex in microgravity conditions, unless the crewn
were measured with a firm pressure on shoulders pressing him or her against a fixed, flat “sitting” sy
surface. All sitting dimensions (vertex, eye, shoulder, and elbow) increase in weightlessness by two
changes:

(@) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 inches).
(b) Extension of the spinal column as explained in note (1) above (3 percent of stature on ground).

codes are
ments

the
vertex),

ember
pport

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND

40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 1 OF 12)
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Male -“805

]

612

378

Notes | No. Dimension 5th Percentile | 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
1 805 Stature 169.7 (68.8) 179.9 (70.8) 190.1 (74.8)
1 973 Wrist height
64 Ankle height 12.0 (4.7) 13.9 (5.5) 15.8 (6.2)
1 309 Elbow height
169 Bust depth 21.8 (8.6) 25.0 (9.8) 28.2 (11.1)
1 916 Vertical trunk circumfrence 158.7 (62.5) 170.7 (67.2) 182.6 (71.9)
1,2 612 Midshoulder height, sitting 60.8 (23.9) 65.4 (25.7) 70.0 (27.5)
459 Hip breadth, sitting 34.6 (13.6) 38.4 (15.1) 42.3 (16.6)
1 921 Waist back 43.7 (17.2) 47.6 (18.8) 51.6 (20.3)
506 Interscye 32.9 (13.0) 39.2 (15.4) 45.4 (17.9)
639 Neck circumfrence 35.5(14.0) 38.7 (15.2) 41.9 (16.5)
754 Shoulder length 14.8 (5.8) 16.9 (6.7) 19.0 (7.5)
378 Forearm—forearm breadth 48.8 (19.2) 55.1 (21.7) 61.5 (24.2)

General Notes:

Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.

Measurement data — the number adjacent to each of the dimension are reference codes. The same
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure

(@)
(b)

plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:

1)

Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-

shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

)

(a)
(b)

Sitting height would be better named as buttock—vertex in microgravity conditions, unless the crewn
were measured with a firm pressure on shoulders pressing him or her against a fixed, flat “sitting” sy
surface. All sitting dimensions (vertex, eye, shoulder, and elbow) increase in weightlessness by two
changes:

Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 inches).
Extension of the spinal column as explained in note (1) above (3 percent of stature on ground).

codes are
ments

the
vertex),

ember
pport

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 2 OF 12)
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Female 1
420
)
y
Notes | No. Dimension 5th Percentile | 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
1,2 758 Sitting height 78.3 (30.8) 84.8 (33.4) 91.2 (35.9)
1,2 330 Eye height, sitting 68.1 (26.8) 73.8 (29.1) 79.8 (31.4)
4 529 Knee height, sitting 41.6 (16.4) 45.8 (16.4) 49.5 (19.5)
678 Popliteal height 34.7 (13.6) 38.3(15.1) 41.9 (16.5)
751 Shoulder—elbow length 27.2 (10.7) 29.8 (11.7) 32.4 (12.8)
184 Buttock—knee length 48.9 (19.2) 53.3(21.0) 57.8 (22.7)
420 Hand length 15.8 (6.2) 17.2 (6.8) 18.7 (7.3)
411 Hand breadth 6.9 (2.7) 7.8 (3.1) 8.6 (3.4)
416 Hand circumference 17.9 (6.5) 17.9 (7.0) 19.3(7.6)

General Notes:

(a) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.
(b) Measurement data — the number adjacent to each of the dimension are reference codes. The samg

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-
shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

(2) Sitting height would be better named as buttock—vertex in microgravity conditions, unless the crewn
were measured with a firm pressure on shoulders pressing him or her against a fixed, flat “sitting” sy
surface. All sitting dimensions (vertex, eye, shoulder, and elbow) increase in weightlessness by two
changes:

(@) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 inches).

(b) Extension of the spinal column as explained in note (1) above (3 percent of stature on ground).

(4) Knee height—sitting may increase slightly in microgravity due to relief of the pressure on the heel wh

in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure
plus an explanation of the measurement technique.

codes are
ments

the
vertex),

ember
pport

ich it

occurs when it is measured on the ground. The increase is probably not more than 2to 3 mm (0.1 i

nch).

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND

40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS

(PAGE 3 OF 12)
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< 411 -
Male 758
420
416
—
52
v 67 Y (
\
Notes | No. Dimension 5th Percentile | 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
1,2 758 Sitting height 88.9 (35.0) 94.2 (37.1) 99.5 (39.2)
1,2 330 Eye height, sitting 76.8 (30.3) 81.9 (32.2) 86.9 (34.2)
4 529 Knee height, sitting 52.6 (20.7) 56.7 (22.3) 60.9 (24.0)
678 Popliteal height 40.6 (16.0) 44.4 (17.5) 48.1 (19.0)
751 Shoulder—elbow length 33.7(13.3) 36.6 (14.4) 39.4 (15.5)
184 Buttock—knee length 56.8 (22.4) 61.3 (24.1) 65.8 (25,9)
420 Hand length 17.9 (7.0) 19.3 (7.6) 20.6 (8.1)
411 Hand breadth 8.2 (3.2) 8.9 (3.5) 9.6 (3.8)
416 Hand circumference 20.3 (8.0) 21.8 (8.6) 23.4 (9.2)

General Notes:

(@)
(b)

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-
shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

(2) Sitting height would be better named as buttock—vertex in microgravity conditions, unless the crewn
were measured with a firm pressure on shoulders pressing him or her against a fixed, flat “sitting” sy
surface. All sitting dimensions (vertex, eye, shoulder, and elbow) increase in weightlessness by twg
changes:

(8) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 inches).

(b) Extension of the spinal column as explained in note (1) above (3 percent of stature on ground).

(4) Knee height—sitting may increase slightly in microgravity due to relief of the pressure on the heel wh

Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.

Measurement data — the number adjacent to each of the dimension are reference codes. The same
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure
plus an explanation of the measurement technique.

codes are
ments

the
vertex),

ember
pport

ich it
nch).

occurs when it is measured on the ground. The increase is probably not more than 2 to 3 mm (0.1 i

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND

40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS

(PAGE 4 OF 12)
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Female
'}
17 9497 312 381
[}
“85(1\(
Yy v
1515 200
Y Y
Notes | No. Dimension 5th Percentile | 50th Percentile [ 95th Percentile
cm (inches) cm (inches) cm (inches)
949 Waist height 90.1 (35.5) 96.7 (38.1) 103.4 (40.7)
249 Crotch height 65.2 (25.7) 70.8 (27.8) 76.1 (30.0)
215 Calf height 25.5 (10.0) 28.9 (11.4) 32.3 (12.7)
103 Biacromial breadth 32.4 (12.8) 35.7 (14.1) 39.0 (15.40
1 946 Waist front
735 Scye circumference 32.3(12.7) 36.1(14.2) 39.8 (15.7)
178 Buttock circumference 79.9 (31.5) 87.1(34.3) 94.3 (37.1)
1,2 312 Elbow rest height 20.7 (8.2) 25.0 (9.9) 29.3 (11.5)
856 Thigh clearance 11.2 (4.4) 12.9 (5.1) 14.5 (5.7)
381 Forearm—hand length 37.3(14.7) 41.7 (18.4) 44.6 (17.6)
200 Buttock—popliteal length 37.9 (14.9) 41.7 (18.4) 45.5 (17.9)

General Notes:
Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change

(@)

significantly due to microgravity are marked.

(b)

Measurement data — the number adjacent to each of the dimension are reference codes. The same

in NASA RP 1024, Volume 2. NASA RP 1024, \olume 2, provides additional data for these measur
plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:

1)

Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See

NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-
shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

)

Sitting height would be better named as buttock—vertex in microgravity conditions, unless the crewni

were measured with a firm pressure on shoulders pressing him or her against a fixed, flat “sitting” sy
surface. All sitting dimensions (vertex, eye, shoulder, and elbow) increase in weightlessness by two

changes:
Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 inches).
Extension of the spinal column as explained in note (1) above (3 percent of stature on ground).

(a)
(b)

codes are
Ements

the
vertex),

ember
pport

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 5 OF 12)
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Male <
735 103
]
94
/
_ Y
178 9494
¢
§215
Y v 249
Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
949 Waist height 100.4 (39.5) 108.3 (42.6) 116.2 (45.7)
249 Crotch height 79.4 (31.3) 85.4 (34.0) 93.3 (36.7)
215 Calf height 32.5(12.8) 36.2 (14.3) 40.0 (15.7)
103 Biacromial breadth 37.9 (14.9) 41.1 (16.2) 44.3 (17.5)
1 946 Waist front 37.2 (14.6) 40.9 (16.1) 44.6 (17.5)
735 Scye circumference 44.4 (17.5) 49.0 (19.3) 53.6 (21.1)
178 Buttock circumference 91.0 (35.8) 100.2 (39.4) 109.4 (43.1)
1,2 312 Elbow rest height 21.1(8.3) 25.4 (10.0) 29.7 (11.7)
856 Thigh clearance 14.5 (5.7) 16.8 (6.6) 19.1 (7.5)
381 Forearm—hand length
200 Buttock—popliteal length 46.9 (18.5) 51.2 (20.2) 55.5(21.9)

General Notes:

(@)
(b)

plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:

1)

Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.

Measurement data — the number adjacent to each of the dimension are reference codes. The same
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure

Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-

shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

)

changes:
()
(b)

Sitting height would be better named as buttock—vertex in microgravity conditions, unless the crewni
were measured with a firm pressure on shoulders pressing him or her against a fixed, flat “sitting” sy
surface. All sitting dimensions (vertex, eye, shoulder, and elbow) increase in weightlessness by two

Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 inches).
Extension of the spinal column as explained in note (1) above (3 percent of stature on ground).

codes are
ments

the
vertex),

ember
pport

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 6 OF 12)
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Female < >
427
122 |
223
g73f
Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
1,3 23 Acromial (shoulder) height 119.6 (47.1) 127.1 (50.0) 134.5 (53.0)
894 Trochanteric height 71.0 (28.0 76.7 (30.2) 82.4 (32.5)
873 Tibiale height 35.9 (14.1) 39.3(15.5) 42.7 (16.8)
122 Bideltoid (shoulder) height 35.6 (14.0) 38.9 (15.3) 42.1 (16.6)
223 Chest breadth 24.5 (9.7) 26.8 (10.5) 29.0 (11.4)
457 Hip breadth 30.5 (12.0) 32.9 (12.9) 35.3(13.9)
165 Bizygomatic (face) breadth 13.3(5.2) 14.5 (5.7) 15.7 (6.2)
427 Head breadth 14.4 (5.7) 15.6 (6.1) 16.8 (6.6)

General Notes:

(&) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change

significantly due to microgravity are marked.

(b) Measurement data — the number adjacent to each of the dimension are reference codes. The same codes are
in NASA RP 1024, Volume 2. NASA RP 1024, \olume 2 provides additional data for these measurgments
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See

NASA-STD-3000, Volume I, Figure 3.2.3.1-2, for information). Almost all of this change appears in
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock-

shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

(3) Shoulder or acromial height, sitting or standing, increases during weightlessness due to two factors:
(@ Removal of the gravitational pull on the arms

(b) Extension of the spinal column as explained in Note (1) above (3 percent of stature on ground).

the
vertex),

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 7 OF 12)
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Male
g ) 23
Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)

1,3 23 Acromial (shoulder) height 138.0 (54.3) 147.6 (58.1) 157.3 (61.9)
894 Trochanteric height 88.3 (34.8) 96.6 (37.6) 102.9 (40.5)
873 Tibiale height X X X
122 Bideltoid (shoulder) height 44.6 (17.6) 48.9 (19.3) 53.2 (20.9)
223 Chest breadth 29.7 (11.7) 33.2(13.1) 36.7 (14.4)
457 Hip breadth 32.7 (12.9) 35.8 (14.1) 39.0 (15.4)
165 Bizygomatic (face) breadth 13.4 (5.3) 14.3 (5.6) 15.1 (6.0)
427 Head breadth 14.8 (5.8) 15.7 (6.2) 16.5 (6.5)

General Notes:

(a) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement data — the number adjacent to each of the dimension are reference codes. The same codes are
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measurgments
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA-STD-3000, Volume |, Figure 3.2.3.1-2, for information). Almost all of this change appears in the
spinal column and thus affects (increases) other related dimensions, such as sitting height (buttock4vertex),
shoulder height —sitting, eye height, sitting, and all dimensions that include the spine.

(3) Shoulder or acromial height, sitting or standing, increases during weightlessness due to two factors;

(@ Removal of the gravitational pull on the arms

(b) Extension of the spinal column as explained in Note (1) above (3 percent of stature on ground).

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 8 OF 12)
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Female
369
Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
747 Shoulder circumference X X X
230 Chest circumference 73.2 (28.8) 82.1(32.3) 90.9 (35.8)
6 931 Waist circumference 55.3 (21.8) 63.2 (24.9) 71.2 (28.0)
5 852 Thigh circumference 45.6 (17.9) 51.6 (20.3) 57.7 (22.7)
5 515 Knee circumference 31.0(12.2) 34.6 (13.6) 38.2 (15.0)
5 207 Calf circumference 30.3 (11.9) 34.1 (13.4) 37.8 (14.9)
113 Biceps circumference, relaxed 21.8 (8.8) 25.5(10.1) 29.3(11.5)
967 Wrist circumference 13.7 (5.4) 15.0 (5.9) 16.2 (6.4)
111 Biceps circumference, flexed X X X
369 Forarm circumference, relaxed 19.9 (7.8) 22.0 (8.7) 24.1 (9.5)

General Notes:

(a) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement data — the number adjacent to each of the dimension are reference codes. The same
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(5) Leg circumferences and diameters significantly decrease during the first day in microgravity. See N
RP 1024, Volume 1, appendix C, for details and measurements of actual persons.

(6) Waist circumference will decrease in microgravity due to fluid shifts to the upper torso. See Figure

codes are
ments

ASA

3.2.3.1-2 for measurements on actual persons.

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 9 OF 12)
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Male
) 369
J ﬁ 111
4
Notes | No. Dimension 5th Percentile | 50th Percentile | 95th Percentile

cm (inches) cm (inches) cm (inches)
747 Shoulder circumference 109.5 (43.1) 119.2 (46.9) 128.8 (50.7)
230 Chest circumference 89.4 (35.2) 100.0 (39.4) 110.6 (43.6)
6 931 Waist circumference 77.1(30.3) 89.5(35.2) 101.9 (40.1)
5 852 Thigh circumference 52.5 (20.7) 60.0 (23.6) 67.4 (26.5)
5 515 Knee circumference 35.9 (14.1) 39.4 (15.5) 42.9 (16.9)
5 207 Calf circumference 33.9(13.3) 37.6 (14.8) 41.4 (16.3)
113 Biceps circumference, relaxed 27.3 (10.7) 31.2 (12.3) 35.1(13.8)

967 Wrist circumference 16.2 (6.4) 17.7 (7.0) 19.3 (7.6)

111 Biceps circumference, flexed 29.4 (11.6) 33.2(13.1) 36.9 (14.5)

369 Forarm circumference, relaxed| 27.4 (10.8) 30.1 (11.8) 32.7 (12.9)

General Notes:

(a) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.
(b) Measurement data — the number adjacent to each of the dimension are reference codes. The samg

in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure
plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:

(5) Leg circumferences and diameters significantly decrease during the first day in microgravity. See N
RP 1024, Volume 1, appendix C, for details and measurements of actual persons.
(6) Waist circumference will decrease in microgravity due to fluid shifts to the upper torso. See Figure

codes are
ments

ASA

3.2.3.1-2 for measurements on actual persons.

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 10 OF 12)
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Female
Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
67 Thumb-tip reach 65.2 (25.7) 71.6 (28.2) 78.0 (30.7)
772 Sleeve length X X X
441 Head length 16.7 (6.6) 18.2 (7.2) 19.6 (7.7)
430 Head circumference 53.2 (20.9) 55.2 (21.7) 57.2 (22.5)
586 Menton—sellion (face) length 9.0 (3.5) 10.8 (4.2) 12.6 (5.0)
362 Foot length 21.3(8.4) 22.9 (9.0) 24.4 (9.6)
356 Foot breadth 8.6 (3.4) 9.3(3.7) 10.0 (3.9)
97 Ball of foot circumference 21.0 (8.3) 22.7 (8.9) 24.3 (9.6)

General Notes:

(a) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change

significantly due to microgravity are marked.
(b) Measurement data — the number adjacent to each of the dimension are reference codes. The samg
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure

plus an explanation of the measurement technique.

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND
40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS

(PAGE 11 OF 12)
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Male
£ vl
‘ 2 586 l 5
\
Notes [ No. Dimension 5th Percentile 50th Percentile | 95th Percentile
cm (inches) cm (inches) cm (inches)
67 Thumb-tip reach 74.9 (29.5) 81.6 (32.1) 88.2 (34.7)
772 Sleeve length 86.2 (33.9) 92.0 (36.2) 97.9 (38.5)
441 Head length 18.8 (7.4) 20.0 (7.9) 21.1(8.3)
430 Head circumference 55.5 (21.8) 57.8 (22.8) 60.2 (23.7)
586 Menton-sellion (face) length 11.1 (4.4) 12.1 (4.8) 13.1 (5.2)
362 Foot length 25.4 (10.0) 27.3(10.8) 29.3 (11.5)
356 Foot breadth 9.0 (3.6) 9.9 (3.9) 10.7 (4.2)
97 Ball of foot circumference 23.1(9.1) 25.1 (9.9) 27.2 (10.7)

General Notes:
(a) Gravity conditions — the dimensions apply to a 1-G condition only. Dimension expected to change
significantly due to microgravity are marked.
(b) Measurement data — the number adjacent to each of the dimension are reference codes. The same
in NASA RP 1024, Volume 2. NASA RP 1024, Volume 2 provides additional data for these measure
plus an explanation of the measurement technique.

FIGURE 3.3.1.3-1 BODY SIZE OF 40-YEAR-OLD AMERICAN MALE AND

40-YEAR-OLD JAPANESE FEMALE FOR YEAR 2000 IN ONE GRAVITY CONDITIONS
(PAGE 12 OF 12)

3.3.2 JOINT MOTION

3.3.21

INTRODUCTION

This paragraph is not applicable for this document.

3.3.2.2 JOINT MOTION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

codes are
ments
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3.3.2.3 JOINT MOTION DATA DESIGN REQUIREMENTS

15 December 1999

The data shown in Figure 3.3.2.3.1-1, single joint movement ranges for both males and females,
shall be used when designing all Space Station IVA flight crew interfaces.

3.3.2.3.1 JOINT MOTION DATA FOR SINGLE JOINT DESIGN REQUIREMENTS

Figure 3.3.2.3.1-1 shows single joint movement ranges for both males and females.

Range of motion (degrees)
Males (1) Female (1)
Figure Joint movement (2) 5th 95th 5th 95th
percentile | percentile | percentile | percentile
1 Neck, rotation right 73.3 99.6 74.9 108.8
Neck, rotation left 74.3 99.1 72.2 109.0
2 Neck, flexion 345 71.0 46.0 84.4
Neck, extension 65.4 103.0 64.9 103.0
3 Neck, lateral right 34.9 63.5 37.0 63.2
Neck, lateral left 35.5 63.5 29.1 77.2
4 Shoulder, abduction 173.2 188.7 172.6 192.9
5 Shoulder, rotation lat 46.3 96.7 53.8 85.8
Shoulder, rotation med 90.5 126.6 95.8 130.9
6 Shoulder, flexion 164.4 210.9 152.0 217.0
Shoulder, extension 39.6 83.3 33.7 87.9
7 Elbow, flexion 140.5 159.0 144.9 165.9
8 Forearm, pronation 78.2 116.1 82.3 118.9
Forearm, supination 83.4 125.8 90.4 139.5
9 Wrist, radial 16.9 36.7 16.1 36.1
Wrist, ulner 18.6 47.9 21.5 43.0
10 [Wrist, flexion 61.5 94.8 68.3 98.1
Wrist, extension 40.1 78.0 42.3 74.7
11 | Hip, flexion 116.5 148.0 118.5 145.0
12 | Hip, abduction 26.8 53.5 27.2 55.9
13 |Knee, flexion 118.4 145.6 125.2 145.2
14 [Ankle, plantar 36.1 79.6 44.2 91.1
Ankle, dorsi 8.1 19.9 6.9 17.4
Notes:
(1) Datawas taken 1979 and 1980 at NASA—JSC by Dr. William Thornton and John Jackson. The stud
made using 192 males (mean age 33) 22 females (mean age 30) astronaut candidates (see SP—2—
(2) Limb range is average of right and left limb movement.

y was
B6L—064).

FIGURE 3.3.2.3.1-1 JOINT MOVEMENT RANGES FOR MALES AND FEMALES

(PAGE 1 OF 3)
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Neck Rotation, Neck Extension (A), Neck Lateral Bend,
Right C(A), Left (B) Flexion (B) Right [A), Left (B)
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FIGURE 3.3.2.3.1-1 JOINT MOVEMENT RANGES FOR MALES AND FEMALES
(PAGE 2 OF 3)
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L S ﬁ 2 Y A
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Forearm Supination (A), Wrist Ulnar Bend (A), Wrist Flexion (A),
Pronation (B) Radial Bend (B) Extension (B)

Hip Flexion . Hip Adduction (A),
Abduction (B)

Ankle Plantar Extension {(A),
Knee Flexion, Prone Dorsi Flexion (B)

FIGURE 3.3.2.3.1-1 JOINT MOVEMENT RANGES FOR MALES AND FEMALES
(PAGE 3 OF 3)
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3.3.2.3.2 JOINT MOTION DATA FOR TWO JOINTS DESIGN REQUIREMENTS

The data shown in Figure 3.3.2.3.2-1, changes in range of motion with movement in adjacent
joint, shall be used when designing all Space Station IVA flight crew interfaces.

Figure 3.3.2.3.2—1 contains the following information:

A. Single Joint Movement Baseline Range — The baseline values of given joint motions with
the adjacent joint in neutral position.

B. Effect (in Degrees) of Movement of an Adjacent Joint — The increment or decrement
which takes place when an adjacent joint is flexed or extended in varying amounts
(one—third, one-half, two—thirds, and/or full).

C. Effect (in Terms of Percent of the Baseline Range) of Movement of an Adjacent Joint.

Full range Change in range of movement of A (degrees)
of A Movement of B (fraction of full range)
o (degreeg)

Two—joint movement Zero 1/3 1/2 2/3 Full
Shoulder extension (A) 59.3 +1.6 deg +0.9deg | +5.3 deg
with elbow flexion (B) (102.7%) (101.5%) | (108.9%)

Shoulder flexion (A) 190.7 —24.9 deg —36.1 deg| —47.4 deg
with elbow flexion (B) (86.9%) (81.0%) (75.0%)

Elbow flexion (A) 152.2 —3.78 deg —1.22 deg
with shoulder extension (B) (97.5%) (99.2%)
Elbow flexion (A) 152.2 —0.6 deg —0.8 deg | —69.0 deg
with shoulder flexion (B) (99.6%) (99.5%) (54.7%)
Hip flexion (A) 53.3 —35.6 deg (1) —24.0 deg —6.2 deg | —12.3 deg
with shoulder flexion (B) (33.2%) (55.0%) (88.4%) (76.9%)
Ankle plantar flexion (A) 48.0 -3.4 deg +0.2deg | +1.6 deg

with knee flexion (B) (92.9%) (100.4%) | (103.3%)
Ankle dorsi flexion (A) 26.1 —7.3 deg —2.7deg | —3.2 deg
with knee flexion (B) (72.0%) (89.7%) (87.7%)

Knee flexion (A) 127.0 —9.9 deg —4.7 deg
with ankle plantar flexion (B) (92.2%) (96.3%)

Knee flexion (A) 127.0 —8.7 deg
with ankle dorsi flexion (B) (93.0%)

Knee flexion (A) 127.0 —19.6 deg —33.6 deg

with hip flexion (B) (84.6%) (73.5%)

Notes:

(1) The knee joint is locked and the unsupported leg extends out in front of the subject.

(2) The following is an example of how the figure is to be used. The first entry is read as follows: the shoulder
can be extended as far as 59.3 degrees (the mean of the subjects tested) with the elbow in a neutrg|l position
(locked in hyperextension). When shoulder extension was measured wiht the elbow flexed to 1/3 offits full
joint range, the man value of shoulder extension was found to increase by 1.6 degrees, or 102.7% df the base
value. The results for other movements and adjacent joint positions are presented in a similar manner.

FIGURE 3.3.2.3.2-1 CHANGE IN RANGE OF MOVEMENT WITH MOVEMENT IN

ADJACENT JOINT
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3.3.3 REACH

3.3.3.1 INTRODUCTION

This paragraph is not applicable for this document.

3.3.3.2 REACH DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

3.3.3.3 REACH DATA DESIGN REQUIREMENTS

The data in this section will be used as appropriate to achieve effective integration of the flight
crew reach requirements into the ISS.

3.3.3.3.1 FUNCTIONAL REACH DESIGN REQUIREMENTS

Equipment and controls required to perform a task shall be within the IVA reach
5th percentile female to 95th percentile male as shown in Figures 3.3.3.3.1-1, 3.3.3.3.1-2,
3.3.3.3.1-3, 3.3.3.3.1-4, 3.3.3.3.1-5, and 3.3.3.3.1-6.

A. Torso Restrained Reach Boundaries — The functional reach boundaries for males and
females with their shoulders against a flat backrest are given in Figure 3.3.3.3.1-1. The
functional reach boundaries apply to tasks requiring thumb and forefinger grasp. Figure
3.3.3.3.1-6 defines adjustment for other grasp requirements.

B. Waist Restrained — Adjustments can be made to the data in Figure 3.3.3.3.1-1 for bending
at the waist to achieve different back rest angles. Figure 3.3.3.3.1-2 provides data for
making these best angle adjustments. This data applies to 1—g conditions only, and require
adjustments for spinal lengthening in microgravity.

C. Microgravity Handhold Restraint — Microgravity handhold restraint reach boundaries for
the 5th percentile American female and the 95th percentile American male are shown in
Figure 3.3.3.3.1-3. The reach boundary considers fingertip reach only. Other types of
reach are to be estimated using Figure 3.3.3.3.1-6.

D. Microgravity Foot Restraint — Microgravity foot restraint reach boundaries for the 5th
percentile American female and the 95th percentile American male are shown in Figures
3.3.3.3.1-4 and 3.3.3.3.1-5. The reach boundary considers fingertip reach only. Other
types of reach are to be estimated using Figure 3.3.3.3.1-6.
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Horizontal Plane

Thumb and forefinger grasp boundaries for varying
dimensions of A (A positive above SRP)

Seat back 13° aft
of vertical

Alcm) =137
122

107

91

76

61

46

5th percentile outer boundary a:{;gd
inner boundary (inner curve) *

————— 50th percentile outer boundary
—— - —— 95th percentile outer boundary’

Seat reference
point (SRP)

Seat pan 6° above
Horizontal

Horizontal
plane

Notes:

(1) Gravity conditions — the boundaries apply to 1-G conditions only. Microgravity will cause

the spine to lengthen and adjustments should be made based on a new shoulder pivot location.
(2) Subjects — the subjects used for this study are representative of the 1967 Air Force population

estimates defined in NASA RP 1024, Volume 1, chapter Il

FIGURE 3.3.3.3.1-1 GRASP REACH LIMITS WITH RIGHT HAND FOR AMERICAN MALE
AND FEMALE POPULATIONS (PAGE 1 OF 19)
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FIGURE 3.3.3.3.1-1 GRASP REACH LIMITS WITH RIGHT HAND FOR AMERICAN MALE
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Thumb and forefinger grasp boundaries for varying XZ Plane

dimensions of A (A positive above SRP) 76

Seat
reference
point
(SRP)

N
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Vertical
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inner boundary (inner curve)

———————— 50th percentile outer boundary
- - 95th percentile outer boundary

Notes:
(1) Gravity conditions — the boundaries apply to 1-G conditions only. Microgravity will qause

the spine to lengthen and adjustments should be made based on a new shoulder pivot |ocation.
(2) Subjects — the subjects used for this study are representative of the 1967 Air Force population
estimates defined in NASA RP 1024, Volume 1, chapter 1l

FIGURE 3.3.3.3.1-1 GRASP REACH LIMITS WITH RIGHT HAND FOR AMERICAN MALE
AND FEMALE POPULATIONS (PAGE 8 OF 19)
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Thumb and forefinger grasp boundaries for varying Y Z Plane

dimensions of A (A positive above SRP)

Alcm) =-61

13°

Vertical
YZ plane

5th percentile outer boundary and
inner boundary (inner curve)

———————— 50th percentile outer boundary
- - 95th percentile outer boundary

Reference: 310, pages 35 to 52

Notes:
(1) Gravity conditions — the boundaries apply to 1-G conditions only. Microgravity will cause

the spine to lengthen and adjustments should be made based on a new shoulder pivgt location.
(2) Subjects — the subjects used for this study are representative of the 1967 Air Forcg population
estimates defined in NASA RP 1024, Volume 1, chapter 111

FIGURE 3.3.3.3.1-1 GRASP REACH LIMITS WITH RIGHT HAND FOR AMERICAN MALE
AND FEMALE POPULATIONS (PAGE 14 OF 19)
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Direction of arm reach (from 0 deg ¢

r Appropriate changes in reach for each single deg

ee

=

"straight ahead” to 90 deg to the rigiht  of change in backrest angle (reach increases gs
(deg) backrest moves to vertical, and vice versa)
0 +/—1.02 cm (+/- 0.40in.)
15 +/—1.27 cm (+/- 0.50 in.)
30 +/—1.14 cm (+/- 0.45in.)
45 +/—0.94 cm (+/- 0.37 in.)
60 +/—0.66 cm (+/- 0.26 in.)
75 +/—0.36 cm (+/— 0.14 in.)
90 +/—0.25 cm (+/-0.10 in.)

FIGURE 3.3.3.3.1-2 CHANGES IN ARM REACH BOUNDARIES AS A FUNCTION OF
VARIATION IN BACKREST ANGLE OF 13 DEGREES FROM VERTICAL

Notes:

(1) Subjects — These data were generated using computer—based antrhopometric model. The
computer model was developed using a sample of 192 male astronaut candidates and 22
female astronaut candidates measured in 1979 and 1980 (SP-2-86L—064). The 5th perce
stature of the male population is 167.9 cm (66.1 in.) and the 95th percentile male stature is
189.0 cm (74.4 in.). The 5th percentile stature of the female population is 157.6 cm (62.0 i
and the 95th percentile female is 175.7 cm (69.2 in.).

(2) Gravity conditions — Although the motions apply to a microgravity condition, the effects of
spinal lengthening have not been considered.

Radius of fingertig
reach boundary

95th percentile male| 195 cm (77 in.)
5th percentile femalg 150 cm (63 in.)

ntile

N.)

FIGURE 3.3.3.3.1-3 MICROGRAVITY HANDHOLD RESTRAINT REACH BOUNDARIES
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Maximum
forward
pitch of
the body

Assume flexible arch
support foot restraint

95th percentile male 222 cm (87 in.) 212 cm (83in.)

5th percentile female 188 cm (74 in.) 172 cm (68 in.)

Radius of reach fingertip
boundary in X—Z plane

Flexible arch Fixed "flat” foo
support foot restrainf restraint

@)

)
®3)

Notes:

Subjects — These data were generated using computer—based antrhopometric model. T
computer model was developed using a sample of 192 male astronaut candidates and 2
female astronaut candidates measured in 1979 and 1980 (SP—-2—-86L—064). The 5th pe
stature of the male population is 167.9 cm (66.1 in.) and the 95th percentile male staturg
189.0 cm (74.4 in.). The 5th percentile stature of the female population is 157.6 cm (62.
and the 95th percentile female is 175.7 cm (69.2 in.).

Gravity conditions — Although the motions apply to a microgravity condition, the effects g
spinal lengthening have not been considered.
Restraint configuration — two sets of dimensions are given for the fore/aft reach boundar
One set, the larger dimensions, apply to a fairly snung, but flexible, arch support that alld
the toes and heels to raise slightly from the floor. The other set of dimensions apply to &
restraint that secures the feet flat to the floor.

he
2
centile
is

D in.)

f

.
Wi
foot

FIGURE 3.3.3.3.1-4 MICROGRAVITY FOOT RESTRAINT REACH BOUNDARIES —

FORE/AFT
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Dimensions of fingertip
reach boundary in Y-Z plane
Angle | Y-axis Z—-axis
(degreep) dimensign  dimensjon
95th 90 0 222cm
percentilg¢
male 75 80 cm 193 cm
(31in.) (76in.)
60 110 cm 160 cm
(43in.) (63 in.)
5th 90 | O 188 cm
percentilg (74 in.)
female | 75 | ogecm | 175cm
(11in.) (69 in.)
60 | 80cm 140 cm
(31in.) (55in.)

Notes:

(1) The angle is measured between the x—axis and a line drawn from the center of the foot
restraint to the reach boundary.

(2) The full reach boundary (up to 0 degrees angle) will be provided in the next revision of th
document.

(3) Subjects — These data were generated using computer—based antrhopometric model. The
computer model was developed using a sample of 192 male astronaut candidates and 22
female astronaut candidates measured in 1979 and 1980 (SP—2-86L—064). The 5th per
stature of the male population is 167.9 cm (66.1 in.) and the 95th percentile male stature
189.0 cm (74.4 in.). The 5th percentile stature of the female population is 157.6 cm (62.0
and the 95th percentile female is 175.7 cm (69.2 in.).

(4) Gravity conditions — Although the motions apply to a microgravity condition, the effects of

spinal lengthening have not been considered.

S

entile
s
in.)

FIGURE 3.3.3.3.1-5 MICROGRAVITY FOOT RESTRAINT REACH BOUNDARIES — SIDE
TO SIDE (USING FLEXIBLE ARCH SUPPORT FOOT RESTRAINT CONFIGURATION



SSP 50005C 15 December 1999

Type of Task Adjustment

Finger tip operation +7.0 cm (2.8 in.
Full hand grasp -5.5cm (2.2 in.

FIGURE 3.3.3.3.1-6  ADJUSTMENT TO THUMB AND FOREFINGER GRASP REACH
BOUNDARIES FOR OTHER TYPES OF GRASPING TASKS

3.3.4 NEUTRAL BODY POSTURE

3.3.4.1 INTRODUCTION

This paragraph is not applicable for this document.

3.3.4.2 NEUTRAL BODY POSTURE DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

3.3.4.3 NEUTRAL BODY POSTURE DATA DESIGN REQUIREMENTS

Space station crew stations shall accommodate the neutral body posture, as shown in Figure
3.3.4.3-1.

3.3.5 BODY SURFACE AREA

3.3.5.1 INTRODUCTION

This paragraph is not applicable for this document.

3.3.5.2 BODY SURFACE AREA DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

3.3.5.3 BODY SURFACE AREA DATA DESIGN REQUIREMENTS

The data shown in Figure 3.3.5.3-1 shall be used when designing all Space Station flight crew
interfaces.
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126° (+10°)

-92° (+ 159)

Body-centered

Vertical ___
reference

24° (£ 6°)

Body-centered
Horizontal reference

Note:

(1) The segment angles shown are means. Values in parentheses are standard deviations about
the mean.

(2) The data was developed in Skylab studies and is based on the measurement of three
subjects.

FIGURE 3.3.4.3-1 NEUTRAL BODY POSITION
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American male crewmember
body surface area

5th percentile 17,600 cm (2730 irf)
50th percentile 20,190 cm (3130 irf)
95th percentile 22,690 cm (3520 irf)

Notes:
(1) American male crewmember population is defined in 3.2.1.
(2) Data applies to 1—g conditions.

FIGURE 3.3.5.3-1 ESTIMATED BODY SURFACE AREA OF THE AMERICAN MALE
CREWMEMBER

3.3.6 BODY VOLUME

3.3.6.1 INTRODUCTION

This paragraph is not applicable for this document.

3.3.6.2 BODY VOLUME DATA DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

3.3.6.3 BODY VOLUME DATA DESIGN REQUIREMENTS

The data shown in Figures 3.3.6.3.1-1 and 3.3.6.3.2-1 shall be used when designing all Space
Station flight crew interfaces.

American male crewmember
body surface area

5th percentile 17,600 cm (2730 irf)
50th percentile 20,190 cm (3130 irf)
95th percentile 22,690 cm (3520 irf)

Notes:
(1) American male crewmember population is defined in 3.2.1.
(2) These data applies to 1—g conditions only.

FIGURE 3.3.6.3.1-1 WHOLE BODY SURFACE VOLUME OF THE AMERICAN MALE
CREWMEMBER
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Volume, cn® (ind)

Segment 5th percentile | 50th percentile| 95th percentile
1 Head 4260 (260) 4400 (270) 4550 (280)
2 Neck 930 (60) 1100 (70) 1270 (80)
3 Thorax 20420 (1250) [ 26110 (1590) | 31760 (1940)
4  [Abdomen 2030 (120) 2500 (150) 2960 (180)
5 Pelvis 9420 (570) 12300 (750) 15150 (920)
6 Upper arm (1) 100 (100) 2050 (130) 2500 (150)
7 Forearm (1) 1180 (70) 1450 (90) 1720 (100)
8 Hand 460 (30) 530 (30) 610 (40)
9 Hip flap (1) 2890 (180) 3640 (220) 4380 (270)
10 | Thigh minus flap (1) 5480 (330) 6700 (410) 7920 (480)
11 | Calf (1) 3320 (200) 4040 (250) 4760 (290)
12 | Foot (1) 840 (50) 1010 (60) 1180 (70)
5+4+3 | Torso 31870 (1940) | 40910 (2450) | 49870 (3040)
9+10 | Thigh (1) 8360 (510) 10340 (630) 12300 (750)
7+8 | Forearm plus hand (1} 1640 (100) 1980 (120) 2320 (140)

Notes:

(1) Average of right and left sides.
(2) These data apply to 1—g conditions only.
(3) The American male crewmember population is defined in 3.2.1.

FIGURE 3.3.6.3.2-1 BODY SEGMENTS VOLUME OF THE AMERICAN MALE
CREWMEMBER

3.3.7 BODY MASS PROPERTIES

3.3.7.1

INTRODUCTION

This paragraph is not applicable for this document.

3.3.7.2 BODY MASS PROPERTIES DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

3.3.7.3 BODY MASS PROPERTIES DATA DESIGN REQUIREMENTS
The data shown in Figures 3.3.7.3.1.1-1, 3.3.7.3.1.2-1, 3.3.7.3.2.1-1, 3.3.7.3.2.1-2,

3.3.7.3.2.2-1, 3.3.7.3.3.1-1, and 3.3.7.3.3.2-1 shall be used when designing all Space Station
flight crew interfaces.

3.3.7.3.1 BODY MASS DATA DESIGN REQUIREMENTS

3.3.7.3.1.1 WHOLE-BODY MASS DATA DESIGN REQUIREMENTS.

Whole—-body mass data for the crewmember population in |-g are in Figure 3.3.7.3.1.1-1.
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Male (American) Female (Japanese)
5th 50th 95th 5th 50th 95th
percentile percentile percentile percentile percentile percentile
65.8 kg 82.2 kg 98.5 kg 41.0 kg 51.5 kg 61.7 kg
(145.1 Ib) (181.3 Ib) (217.2 Ib) (90.4 Ib) (113.5 Ib) (136.0 Ib)
Notes:
(1) These data apply to 1—g conditions only. Fluid losses in microgravity reduce these

masses.

2)

Year—2000 crewmember population is defined in 3.2.1.

FIGURE 3.3.7.3.1.1-1 WHOLE BODY MASS FOR YEAR 2000 CREWMEMBER
POPULATION (AGE 40)

3.3.7.3.1.2 BODY SEGMENT MASS DATA DESIGN REQUIREMENTS.

Body segment mass data for the American male crewmember in |-g are in Figure 3.3.7.3.1.2-1.

Al

Mass, gm (oz, weight)
Segment 5th percentile | 50th percentile| 95th percentile
1 Head 4260 (150) 4400 (160) 4550 (160)
2 Neck 930 (30) 1100 (40) 1270 (40)
3 Thorax 20420 (720) 26110 (920) | 31760 (1120)
4  [Abdomen 2030 (70) 2500 (90) 2960 (100)
5 Pelvis 9420 (330) 12300 (430) 15150 (530)
6 Upper arm (1) 100 (60) 2050 (70) 2500 (90)
7 Forearm (1) 1180 (40) 1450 (50) 1720 (60)
8 Hand 460 (20) 530 (20) 610 (20)
9 Hip flap (1) 2890 (100) 3640 (130) 4380 (150)
10 [ Thigh minus flap (1) 5480 (190) 6700 (240) 7920 (280)
11 | Calf (1) 3320 (120) 4040 (140) 4760 (170)
12 [Foot (1) 840 (30) 1010 (40) 1180 (40)
5+4+3 | Torso 31870 (1120) | 40910 (1440) | 49870 (1760)
9+10 | Thigh (1) 8360 (290) 10340 (360) 12300 (430)
7+8 | Forearm plus hand (1 1640 (60) 1980 (70) 2320 (80)

Notes:
(1)
(2)
3)

Average of right and left sides.
These data apply to 1—g conditions only.
The American male crewmember population is defined in 3.2.1.

FIGURE 3.3.7.3.2.1-1 MASS OF BODY SEGMENTS FOR THE AMERICAN MALE
CREWMEMBER

3.3.7.3.2 CENTER OF MASS DATA DESIGN REQUIREMENTS

3.3.7.3.2.1 WHOLE-BODY CENTER OF MASS DATA DESIGN REQUIREMENTS

The whole—body center of mass location data for the American male crewmember in |-g are in
Figure 3.3.7.3.2.1-1. Equations for locating the whole—body center of mass in males of different

sizes are given in Figure 3.3.7.3.2.1-2.
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cm (in.)
. - 5th 50th 95th
Dimension percentile | percentile | percentile
¢
————— X
L{X)
L(Y) = 1/2 distance between anterior
superior iliac spine landmarks
{1/2 bispinous breadth)
L(X) 8.6 (3.4) 9.1 (3.6) 9.6 (3.8)
L(Y) 11.7 (4.6) | 125(4.9) | 13.3(5.2)
L(Z2) 75.7 (29.8) | 80.2 (31.6) | 84.7 (33.3)
1. Standing
L(X) 8.7 (3.4) 9.1 (3.6) 9.4 (3.7)
L(Y) 11.7 (4.6) | 125(4.9) | 13.3(5.2)
L(Z) 69.9 (27.5) | 80.2(29.1) | 77.9 (30.7)
L(X) 8.2 (3.2) 8.6 (3.4) 9.0 (3.6)
L(Y) 11.7 (4.6) | 125(4.9) | 13.3(5.2)
j L(2) 69.4 (27.3) | 73.5(28.9) | 77.5(30.5)
3. Spread Eagle

FIGURE 3.3.7.3.2.1-1 WHOLE BODY CENTER OF MASS LOCATION OF THE
AMERICAN MALE CREWMEMBER (PAGE 1 OF 2)
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cm (in.)
: L(X) 19.4 (7.7) | 20.6 (9.1) | 21.8 (8.6)
3\ L(Y) 11.7 (4.6) | 12.5(4.9) | 13.3(5.2)
4. Sitting L(2) 65.2 (25.7) | 68.6 (27.0) | 71.9 (28.3)
' L(X) 18.9 (7.4) | 20.0(7.9) | 21.1(8.3)
L(Y) 11.7 (4.6) | 12.5(4.9) | 13.3(5.2)
5. Siting, Forearms Down L(Z) 66.0 (26.0) | 69.3 (27.3)| 72.5 (28.6)
35 deg L(X) 17.6 (6.9) | 18.8(7.4) | 20.1(7.9)
L(Y) 11.7 (4.6) | 12.5(4.9) | 13.3(5.2)
35 deg

6. Sitting, Thighs Elevated L(Z) 57.3 (22.5) | 59.4 (23.4) | 61.5 (24.2)
L(X) 19.4 (7.6) | 20.5(8.1) | 21.5(8.5)
L(Y) 11.7 (4.6) | 12.5(4.9) | 13.3(5.2)
7. Mercury Configuration L(2) 66.8 (26.3) | 69.9 (27.5) | 73.0 (28.7)

‘147deg
@M L(X) 18.0 (7.1) | 18.8(7.4) | 19.6 (7.7)

eg
% L(Y) 11.7 (4.6) | 12.5(4.9) | 13.3(5.2)
L(2) 68.0 (26.8) | 70.9 (27.9) | 73.7 (29.0)

8. Relaxed (weightless)

Notes:

(1) These data apply to 1—g conditions. To estimate center of mass location in microg
multiply the L(z) figure by 0.9.

(2) The American male crewmember population is defined in 3.2.1.

FIGURE 3.3.7.3.2.1-1 WHOLE BODY CENTER OF MASS LOCATION OF THE
AMERICAN MALE CREWMEMBER (PAGE 2 OF 2)

ravity,
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Location of center of mass, cm = [A x (stature, cm)] + [B x (weight, Ibs)] + [C]

(1) - Refer to Figure 3.3.7.3.2.1-1 for measurement landmarks.
(2) SE = Standard error of the estimate.
(3) R = Multiple correlation coefficient.
(4) These data apply to 1—g conditions. To estimate center of mass location in microg
multiply the L(z) figure by 0.9.
(5) The American male crewmember population is defined in 3.2.1.

Posture Dimension A B C SE (2) R (3)
(cm)
1. Standing L(X) —0.035 0.024 11.008 0.33 0.7636
L(Y) 0 0.021 8.609 0.89 0.4310
L(Z2) 0.486 -0.014 —-4.775 1.33 0.9329
2. Standing L(X) —0.040 0.020 12.632 0.45 0.5823
(arms over head) L(Y) 0 0.021 8.609 0.89 0.4310
L(Z2) 0.416 —0.007 0.305 1.52 0.8927
3. Spread eagle| L(X) —0.031 0.020 10.443 0.36 0.6706
L(Y) 0 0.021 8.609 0.89 0.4310
L(Z2) 0.392 0.002 2.547 1.48 0.8921
4. Sitting L(X) 0.080 0.010 4.450 0.56 0.7900
L(Y) 0 0.021 8.609 0.89 0.4310
L(Z2) 0.344 - 0.004 7.327 1.46 0.8632
5. Sitting (thighs|  L(X) 0.041 0.022 7.405 0.66 0.7104
elevated) L(Y) 0 0.021 8.610 0.89 0.4310
L(Z2) 0.212 —0.002 21.582 1.24 0.7801
6. Sitting (with L(X) 0.075 0.010 4.628 0.51 0.8030
arms down) L(Y) 0 0.021 8.609 0.89 0.4310
L(Z) 0.355 —0.010 7.389 1.56 0.8489
7. Mercury L(X) 0.076 0.008 5.253 0.54 0.7828
configuration L(Y) 0 0.021 8.609 0.89 0.4310
L(Z) 0.311 —0.002 14.425 1.80 0.7841
8. Weightless L(X) 0.077 0.001 4.692 0.60 0.6973
L(Y) 0 0.021 8.609 0.89 0.4310
L(Z) 0.218 0.017 28.552 3.16 0.5015
Notes:

FIGURE 3.3.7.3.2.1-2 WHOLE BODY CENTER OF MASS LOCATION FOR AMERICAN

MALE CREWMEMBERS OF DIFFERENT SIZES

3.3.7.3.2.2 BODY SEGMENTS CENTER OF MASS DATA DESIGN REQUIREMENTS.

ravity,

Center of mass of body location data for body segments of the American male crewmember in

|—g are in Figure 3.3.7.3.2.2—-1.
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Center of mass location, cm (in.)

5th percentile

50th percentile

95th percentile

X Y Z X Y Z X Y Z
Nuchale
Tragion 94 | 68 | 21 [104| 72 | 23 |115| 7.7 | 25
3.7)]1(2.7)((08)|(4.1)|(2.8)| (0.9 | (4.5 | (3.0)]| (1.0
Head
Center
of mass
g'x Suprasternal
al
QA
84 (13.8]21.0)10.0(158| 218|116 | 17.8 | 22.6
(3.3)| (5.4) | 8.3) | (3.9) | (6.2) | (8.6) | (4.6) | (7.0) | (8.9)
Anterior superior
Jliac spine
Torso
Shoulder
joint
* * 14.1 * * 14.9 * * 15.7
(5.6) (5.0) (6.2)
Upper arm
Elbow
* * 10.9 * * 11.5 * * 12.1
Z (4.3) (4.5) (4.8)

FIGURE 3.3.7.3.2.2-1 BODY SEGMENT OF MASS FOR AMERICAN MALE
CREWMEMBER (PAGE 1 OF 2)
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Center of mass location, cm (in.)
5th percentile 50th percentile 95th percentile
X Y z X Y z X Y Z

- 2 —

Wrist \ A -

4 * * 51 * * . * *
’ = 2.0) 2.2) (

N o
=
N—r

Hip joint —\

« |« 270 + | 4 |180] + | .« |191
(6.7) (7.1) (7.5)

Notes:

(4) These data apply to 1—g conditions only.

(2) The American male crewmember population is defined in 3.2.1.
(3) * Assume symmetry.

FIGURE 3.3.7.3.2.2-1 BODY SEGMENT OF MASS FOR AMERICAN MALE
CREWMEMBER (PAGE 2 OF 2)

3.3.7.3.3 MOMENT OF INERTIA DATA DESIGN REQUIREMENTS

3.3.7.3.3.1 WHOLE-BODY MOMENT OF INERTIA DATA DESIGN REQUIREMENTS

Whole—body moments of inertia data for the American male crewmember in |-g are in Figure
3.3.7.3.3.1-1.
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Moment of inertia, g—cfix 10, (Ib—in—sed)
Posture AXis 5th 50th 95th

percentile percentile percentile
X 106.5 (94.2) | 144.5 (101.3), 182.3 (161.2)
Y 94.9 (83.9) | 129.2 (114.3)[ 163.4 (144.5)

Z 10.3(9.1) 14.4 (12.7) | 18.5(16.4)

1. Standing

X 141.0 (124.7) 191.9 (169.7) 242.6 (214.5)
Y 124.6 (110.2)| 172.9 (152.9) 221.0 (195.5)

Z 10.6 (9.4) | 14.1 (121.5)| 17.5(15.5)

2. Standing, Arms Over Head
—dey X 137.2 (121.3) 190.4 (168.4) 243.4 (215.3)
' Y 104.2 (92.2) | 144.8 (128.1), 185.2 (163.8)
30 deg
Z 32.0(28.3) | 46.6 (41.2) | 61.3(54.2)
3. Spread Eagle

6 X 57.3(50.7) | 76.9(68.0) | 96.5 (85.3)
Y 62.0 (54.8) | 83.2(73.6) | 104.3 (92.2)

4. Sitting Z 30.7 (27.2) | 42.4(37.3) | 54.0 (47.8)

FIGURE 3.3.7.3.3.1-1 WHOLE BODY MOMENT OF INERTIA FOR THE AMERICAN MALE

CREWMEMBER (PAGE 1 OF 2)

X 59.2 (52.4) | 77.6 (68.6) | 96.0 (84.9)
Y 63.9 (56.5) | 86.3(76.3) | 108.6 (96.0)

Z 30.9 (27.3) | 42.8(37.9) | 54.6 (48.3)

5. Sitting, Forearms Down
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Moment of inertia, g—cfix 10, (Ib—in—sed)

Posture AXis 5th 50th 95th

percentile percentile percentile

35 deg X 37.6 (33.3) | 48.7 (43.1) | 59.8 (52.9)

Y 37.2(32.9) | 46.6 (41.2) | 55.8 (49.3)

35 deg

6. Sitting, Thighs Elevated z 23.9(21.1) | 33.7(29.8) | 43.5(38.5)
X 62.5 (55.3) | 82.2(72.7) | 101.8 (90.0)
Y 69.6 (61.6) | 95.5(84.5) | 121.3 (107.3)

, _ z 31.9(28.2) | 43.0(38.0) | 54.0(47.8

7. Mercury Configuratior ( ) ( ) ( )

’147deg
@, deg X 88.0 (77.8) | 114.5 (101.3)| 140.9 (124.6)
o

Y 84.1(74.4) | 109.6 (96.9) 134.8 (119.2)

8. Relaxed (weightless) y 39.8 (35.2) | 50.5(44.7) | 61.2 (54.1)

(Does not account for

spinal lengthening)

Notes:

(4)
2)

These data apply to 1—g conditions only.
The American male crewmember population is defined in 3.2.1.

FIGURE 3.3.7.3.3.1-1 WHOLE BODY MOMENT OF INERTIA FOR THE AMERICAN MALE

CREWMEMBER (PAGE 2 OF 2)
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3.3.7.3.3.2 BODY SEGMENTS MOMENT OF INERTIA DATA DESIGN REQUIREMENTS

Body segment moments of inertia data for the American male crewmember in |I-g are in Figure
3.3.7.3.3.2-1.

Moment of inertia, g—chix 10%, (Ib—in—seé x 10°)
Segment Axis 5th 50th 95th

percentile percentile percentile

4 X 195.2 (172.7) | 207.1(183.2) | 218.9 (193.6)
Y

Head e S Y 221.8 (196.2) | 236.8 (209.4) | 251.6 (222.6)
‘ Z 144.9 (128.1) | 153.2 (135.5) | 161.4 (142.7)

X 13.4 (11.9) 18.2 (16.1) 23.0 (20.3)

Neck Y 16.6 (14.7) 22.0 (19.5) 27.4 (24.2)
Z 20.3 (17.9) 27.5 (24.3) 34.6 (30.6)
X 3509.6 (3103.9) 5312.0 (4697.9) 7100.2 (6279.4
Thorax Y 2556.3 (2260.8) 3920.6 (3467.4) 5274.0 (4664.3
Z 2153.8 (1904.8) 3320.1 (2936.3) 4475.5 (3958.1
X 116.6 (103.1) | 175.2 (155.0) | 233.2 (205.2)
Abdomen Y 63.3 (56.0) 98.2 (86.8) 132.6 (117.3)
z 173.6 (153.5) | 265.4 (234.7) | 356.1 (315.0)
X 713.7 (631.2) | 1123.4 (993.6)| 1528.9 (1352.1
Pelvis Y 646.4 (571.7) | 1033.5(914.0)| 1416.4 (1252.7
z 820.0 (752.2) | 1303.6 (1152.9) 1782.0 (1576.0

X 10731.4 15957.8 21141.0

7 (9490.9) (14113.0) (18597.1)

Torso Y

Y 2556.3 (2260.8) 3320.1 (2936.3) 5274.0 (4664.3
\ Z 2153.8 (1904.8) 3320.1 (2936.3) 5274.0 (4664.3

FIGURE 3.3.7.3.3.2-11 BODY SEGMENT MOMENT OF INERTIA FOR THE AMERICAN
CREWMEMBER (PAGE 1 OF 4)

7 X 92.6 (81.9) | 141.7 (125.4) | 190.5 (168.6)
<
Right upper | | Y 97.6 (86.3) | 151.2 (133.7) | 204.4 (180.8)
arm Y[z 185 (16.3) 29.2 (25.8) 39.8 (35.2)
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Moment of inertia, g—chix 10°, (Ib—in—seé x 10°%)

X 89.1(78.8) | 1372 (121.43)| 185.0 (163.6)
Left upper Y 93.3(82.5) | 145.7 (128.9) | 197.8 (174.9)
o Z 17.8 (15.8) 28.2 (24.9) 38.4 (34.0)
X 65.3 (57.7) 93.9(83.1) | 122.4(108.3)
Right forearm Y 66.3(58.6) | 95.6(84.6) | 124.8(110.4)
Z 9.6 (8.5) 14.2 (12.6) 18.8 (16.6)
4 X 63.7(56.3) 88.9 (78.6) 113.9 (100.7)
Left forearm Y Y 65.4 (57.8) 91.5 (80.9) 117.4 (103.9)
Z 8.9 (7.9) 12.9 (11.4) 16.9 (14.9)
zx X 10.7 (9.4) 13.8 (12.2) 16.8 (14.9)
Right hand Yx Y 8.7 (7.7) 11.2 (9.9) 13.7 (12.1)
z 3.4 (3.0) 4.5 (4.0) 5.5 (4.9)
z X 10.8 (9.5) 13.6 (12.0) 16.4 (14.5)
Left hand Y 9.0 (7.9) 11.3 (10.0) 13.6 (12.0)
" Y Z 3.5 (3.1) 4.4 (3.9) 5.3 (4.7)
Z X 88.8 (78.5) | 134.1(118.6) | 178.9 (158.2)
Right hip E}A Y 116.3 (108.2) | 173.1(153.1) | 229.4 (202.9)
flap T ¢
Z 150.4 (133.1) | 226.5(200.3) | 301.7 (266.9)

=<

FIGURE 3.3.7.3.3.2-1 BODY SEGMENT MOMENT OF INERTIA FOR THE AMERICAN
CREWMEMBER (PAGE 2 OF 4)

z

Y
W%

Left hip
flap

X 85.0 (75.1) | 128.8(133.9) | 172.2 (152.3)
Y 113.4 (100.3) | 169.2 (149.7) | 224.5 (198.5)
z 146.7 (129.8) | 219.2 (193.8) | 290.8 (257.2)
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Moment of inertia, g—chix 10°, (Ib—in—seé x 10°%)

X 453.6 (401.2)

653.1 (577.6)

852.3 (753.8)

ﬁii%ﬁtsng%h Y 469.2 (415.0) | 673.4(595.6) | 877.3 (775.9)

Z 178.4 (157.8) | 255.2 (225.7) | 331.3 (293.0)

X 437.3 (386.8) | 620.9 (549.1) | 804.0 (711.1)

an‘?TfJ;hﬁ%E Y [ Y | 460.7 (407.5) | 653.4 (577.9) | 845.7 (747.9)

Z 172.3 (152.4) | 246.9 (218.3) | 321.0 (283.8)

X 430.7 (381.0) | 618.1(546.6) | 804.8 (711.8)

Right Calf Y 437.7 (387.1) | 627.1(554.6) | 816.0 (721.7)
Z 51.8 (45.8) 72.0 (63.7) 92.1 (81.5)

X 434.1 (383.9) | 629.6 (556.8) | 824.7 (729.4)

Left Calf y Y 441.4 (390.3) | 639.7 (565.8) | 837.7 (740.9)
X Z 50.7 (44.9) 72.8 (64.4) 94.7 (83.7)
X 6.5 (5.7) 8.7 (7.7) 10.9 (9.6)
Right Foot , Y 33.8(29.9) 46.1 (29.9) 58.3 (51.5)
Z 36.0 (31.8) 48.8 (31.8) 61.7 (54.5)

X

FIGURE 3.3.7.3.3.2-1 BODY SEGMENT MOMENT OF INERTIA FOR THE AMERICAN
CREWMEMBER (PAGE 3 OF 4)

Left Foot

X 6.1 (5.7) 8.3 (7.4) 10.6 (9.3)
Y 32.4 (29.9) 44.7 (39.5) 57.0 (50.4)
Z 34.2 (30.2) 47.0 (41.6) 59.8 (52.9)
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Moment of inertia, g—chix 10°, (Ib—in—seé x 10°%)

Right Thigh

1163.7 (1029.2

1689.8 (1494.4

2213.9 (1958.0

1225.4 (1083.8

1780.9 (1575.0

2334.2 (2064.4

316.5 (279.9)

464.6 (410.9)

611.3 (540.6)

Left Thigh

1122.6 (992.6)

1623.0 (1435.4

2121.1 (1875.9

1186.3 (1049.2

1713.2 (1515.1

2237.5 (1978.8

306.2 (270.8)

448.5 (396.6)

589.5 (521.3)

Right forearm
plus hand

238.5 (210.9)

327.8 (289.9)

416.7 (368.5)

237.5 (210.0)

326.5 (288.8)

415.1 (367.2)

13.4 (11.9)

19.2 (17.0)

25.0 (22.1)

Left forearm
plus hand

234.1 (207.0)

314.1 (277.8)

2903.8 (348.3)

232.8 (205.9)

312.2 (276.1)

391.2 (346.0)

12.8 (11.4)

17.9 (15.9)

23.0 (20.3)

Notes:

(4) These data apply to 1—g conditions only.
(2) The American male crewmember population is defined in 3.2.1.

FIGURE 3.3.7.3.3.2-1 BODY SEGMENT MOMENT OF INERTIA FOR THE AMERICAN

CREWMEMBER (PAGE 4 OF 4)
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4.0 HUMAN PERFORMANCE CAPABILITIES

4.1 INTRODUCTION

This paragraph is not applicable for this document.

4.2 VISION

This paragraph is not applicable for this document.

4.3 AUDITORY SYSTEM

This paragraph is not applicable for this document.

4.4 OLFACTION AND TASTE

This paragraph is not applicable for this document.

4.5 VESTIBULAR SYSTEM

This paragraph is not applicable for this document.

4.6 KINESTHESIA

This paragraph is not applicable for this document.

4.7 REACTION TIME

This paragraph is not applicable for this document.

4.8 COORDINATION

This paragraph is not applicable for this document.

4.9 STRENGTH

4.9.1 INTRODUCTION

This paragraph is not applicable for this document.

4.9.2 STRENGTH DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

15 December 1999



SSP 50005C 15 December 1999

4.9.3 STRENGTH DESIGN REQUIREMENTS

Strength data that shall be used to criteria for design are provided below:
A. For operation and control of Space Station hardware equipment:

(1) Grip strength required to operate or control hardware or equipment shall be less than
the 5th percentile female strength values shown in Figure 4.9.3-3.

(2) Linear Forces — Linear forces required to operate or control hardware or equipment
shall be less than the strength values for the 5th percentile female, defined as 50.0
percent of the strength values shown in Figure 4.9.3—4 and 60.0 percent of the
strength values shown in Figure 4.9.3-7.

(3) Torsional Forces — Torsional forces required to operate or control hardware or
equipment shall be less than the strength values for the 5th percentile female, defined
as 60.0 percent of the calculated 5th percentile male capability shown in Figure
4.9.3-8.

B. Forces required for maintenance of Space Station hardware and equipment shall be less
than the 5th percentile male strength values shown in Figures 4.9.3-1, 4.9.3-3, 4.9.3-4,
4.9.3-6, 4.9.3-7, and 4.9.3-8.

©
§ § 12.7 (5) )
== 10.16 (4) )
~ QW0
0 S E
%é GE) 6.35 (2 5) 3
ES2  381(15) .
=
o2
Own E) ¥ 'n . 1 T ¥ T v 2 2 g ¥ T T 4
0 (20)  (40) (60) (80) (100) (120) (140)
89.0 1779 266.9 355.8 4448 533.8 622.7
Grip strength, N (Ib)
Note:
(1) 44 subjects, all pilots or aviation cadets.

FIGURE 4.9.3-1 MALE GRIP STRENGTH AS A FUNCTION OF THE SEPARATION
BETWEEN GRIP ELEMENTS

Deleted

FIGURE 4.9.3-2 DELETED
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Percentiles, N (Ibf)
Population 5th 50th 95th Population SD
U.S. Navy personnel
Mean of both hands 258 (58) 325 (73) 387 (87) 39.1 (8.8)
U.S. Industrial workers
Preferred hand 254 (57) 329 (74) 405 (91) 45.8 (10.3)

FIGURE 4.9.3-3 GRIP STRENGTH FOR FEMALES

Arm strength (N)

1) ) 3) 4 ®) (6) M
Degreexafelhaw Pull Push Up Down In Out
flexion (rad) * L R L R L R L R L R L R
T 222 | 231 187 222 40 62 58 76 58 89 36 62
5/6 1 187 | 249 133 187 67 80 80 89 67 89 36 67
213w 151 187 116 160 76 107 93 116 89 98 45 67
12xn 142 165 98 160 76 89 93 116 71 80 45 71
1/3n 116 107 96 151 67 89 80 89 76 89 53 76
Hand and thumb-finger strength (N)
(8) (9) (10)
Hand grip ] e
% R Thumb-finger grip (Palmer) Thumb-finger grip (tips)
Momentary hold 250 260 60 60
Sustained hold 145 155 35 35
Arm strength (Ib)
) ) 3) 4) 5) (6) )
Degreaxafelhow Pull Push Up Down In Out
flexion (deg) L R L R L R L R L R L R
180 50 52 42 50 9 14 13 17 13 20 8 14
150 42 56 30 42 15 18 18 20 15 20 8 15
120 34 42 26 36 17 24 21 26 20 22 10 15
90 32 37 22 36 17 20 21 26 16 18 10 16
60 26 24 22 34 15 20 18 20 17 20 12 17

FIGURE 4.9.3-4 ARM, HAND, AND THUMB/FINGER STRENGTH (5TH PERCENTILE
MALE DATA) (PAGE 1 OF 2)
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Hand and thumb-finger strength (Ib)

(8) 9) (10)
Hand grip i e
% R Thumb-finger grip (Palmer) Thumb-finger grip (tips)
Momentary hold 56 59 13 13
Sustained hold 33 35 8 8

L = Left; R = Right
* Elbow angle shown in radians

FIGURE 4.9.3-4 ARM, HAND, AND THUMB/FINGER STRENGTH (5TH PERCENTILE
MALE DATA) (PAGE 2 OF 2)

Deleted

FIGURE 4.9.3-5 DELETED

_ Force, N (Ibf)
Forcr?é?;]l’.{a(l) Distances (2) Means | D
Both hands
100 percent 50 583 (131) 142 (32)
ﬁ; %r':‘gulder 60 667 (150) 160 (36)
70 983 (221) 271 (61)
Forceplate 80 1285 (289) 400 (90)
‘ 90 979 (220) 302 (68)
100 645 (145) 254 (57)
Preferred hand
50 262 (59) 67 (15)
60 298 (67) 71 (16)
70 360 (81) 98 (22)
80 520 (117) 142 (32)
90 494 (111) 169 (38)
100 427 (96) 173 (39)
Percent of thumb-tip reach
(3)
100 percent 50 369 (83) 138 (31)
ﬁ;%mulder 60 347 (78) 125 (28)
70 520 (117) 165 (37)
80 707 (159) 191 (32)
90 325 (73) 133 (30)
Percent of span (4)

FIGURE 4.9.3-6 MAXIMAL STATIC PUSH FORCES (PAGE 1 OF 2)
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Force-plaia(l) Distances (2 Force, N (b7
height @ Means SD
50 100 774 (174) 214 (48)
50 120 78 (175) 165 (37)
70 120 818 (184) 138 (31)
Percent of shoulder height 1-g applicable data
Notes:
(1) Height of the center of the force place — 200 mm (8 in.) high by 254 mm (10 in.) long — upon which fprce is
applied.
(2) Horizontal distance between the vertical surface of the force plate and the opposing vertical surface|(wall or
footrest, respectively) against which the subjects brace themselves.
(3) Thumb-tip reach — distance from backrest to tip of subject’'s thumb as thumb and fingertips are pressed
together.
(4) Span —the maximal distance between a person’s fingertips as he extends his arms and hands to egch side.
(5) 1-gdata.

FIGURE 4.9.3-6 MAXIMAL STATIC PUSH FORCES (PAGE 2 OF 2)

2500

T

2000

15001

10001

5th Percentile maximum push, N

500F

| #

N

A
2

Limiting angle

l—Knee straight

120 140 160 180

Knee—-angle § ), degrees

FIGURE 4.9.3—-7 LEG STRENGTH AT VARIOUS KNEE AND THIGH ANGLES (5TH
PERCENTILE MALE DATA)
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Unpressurized suit
bare handed

Unpressurized suit,
bare handed

Mean Mean SD
Q
13.73 (121.5) 13.73 (121.5) 3.41 (30.1)
é j | 17.39 (153.9) 17.39 (153.9) 5.08 (45.0)

Deleted.
Deleted.
Deleted.

mnm o o

Deleted.

410 WORKLOAD

This paragraph is not applicable for this document.

FIGURE 4.9.3-8 TORQUE STRENGTH
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5.0 NATURAL AND INDUCED ENVIRONMENTS

5.1 ATMOSPHERE

5.1.1 INTRODUCTION

This paragraph is not applicable for this document.

5.1.2 ATMOSPHERE DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

5.1.3 ATMOSPHERE DESIGN REQUIREMENTS

Paragraph 5.1.3.2 presents requirements for the design of respirable atmospheres for the Space
Station.

5.1.3.1 DELETED

5.1.3.2 ATMOSPHERE MONITORING DESIGN REQUIREMENTS

5.1.3.2.1 ATMOSPHERE TOXICOLOGICAL MONITORING DESIGN REQUIREMENTS

Design requirements for monitoring of volatile organic and compound specific monitoring are as
follows:

A. Monitoring Volatile Organics — The monitoring of volatile organics shall be accomplished
as specified in Figure 5.1.3.2.1-1.

(1) Deleted.
(2) Deleted.
B. Compound-Specific Monitors

(1) Compound specific monitors shall be located near equipment, chemical operations,
and processing activities which are potential sources of chemical contamination of
the space module.

These monitors shall be used to monitor for specific chemical contaminants in the
air.

These analyzers shall have continuous real-time monitoring capabilities.
(2) These monitors shall be equipped with audible and visible alarms.

C. Deleted.
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COMPOUND Det?rﬂg}gp'simits
methanol 0.5
ethanol 5
2—propanol 5
2—methyl-2—propanol 5
n—butanol 5
ethanal (acetaldehyde) 0.5
benzene 0.1
xylenes 10
methyl benzene (toluene) 3
dichloromethane 0.5
dichlorodifluoromethance (Freon 12) 10
chlorodifluoromethane (Freon 22) 5
trichlorofluoromethance (Freon 11) 10
1,1,1-trichloroethane 1
1,1,2-trichloro—1,2,2—trifluoroethane (Freon 113) 5
n—hexane 5
n—pentane 10
methane 180
2—methyl-1,3-butadiene 10
propanone (acetone) 1
2—butane 3
hydrogen 10
carbon monoxide 2
hexamethylcyclotrisiloxane 10
trimethylsilanol 3
2—butoxyethanol 1
trifluorobromomethance (Halon 1301) 10
carbonyl sulfide 0.5
acetic acid 0.5
4—hydroxy—4—methyl-2—pentanone 1

ACCURACY
Concentration Percent Accuracy (1)
5-10 mg/m +/— 20
2-5 mg/n$ +/— 30

0.5-2 mg/m +/— 40

< 0.5 mg/nd +/— 50
Note:

(1) Percent accuracy = [measured concentration — actual concentration] / (measured
concentration) x 100

FIGURE 5.1.3.2.1-1 TRACE GAS DETECTION LIMIT AND ACCURACY
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5.1.3.2.2 ATMOSPHERE MICROBIOLOGICAL MONITORING AND CONTROL DESIGN
REQUIREMENTS

5.1.3.2.3 BARO-THERMAL MONITORING DESIGN REQUIREMENTS

To ensure that all environmental control systems are functioning properly, a means shall be
provided to monitor and record atmospheric parameters from each habitable Space Station
element.

5.2 MICROGRAVITY

5.2.1 INTRODUCTION

This paragraph is not applicable for this document.

5.2.2 MICROGRAVITY DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

5.2.3 MICROGRAVITY DESIGN REQUIREMENTS

Microgravity design requirements are given in other paragraphs where applicable.

5.3 ACCELERATION

This paragraph is not applicable for this document.

5.4 ACOUSTICS

5.4.1 INTRODUCTION

This paragraph is not applicable for this document.

5.4.2 ACOUSTICS DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

5.4.3 ACOUSTICS DESIGN REQUIREMENTS

This section defines the basic acoustic environmental limitations and criteria which the designer
shall apply to the design of crew stations and other habitable compartment areas.
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5.4.3.1 GENERAL ACOUSTIC DESIGN REQUIREMENTS

The following general acoustic design requirements shall be observed:
A. Deleted.

B. Equipment Noise

(1) Equipment noise shall be measured according to the instrumentation and
measurement sections of MIL-STD-1474.

(2) Deleted.
(3) System designs shall include noise control provisions.
(4) Deleted.

5.4.3.2 NOISE EXPOSURE REQUIREMENTS
A. The following types of noise shall be taken into account:
(1) Wide band random noise (22.4 to 11,200 Hz).
(2) Narrow band noise and tones.
(3) Impulse noise.
(4) Infrasonic and ultrasonic noise.

B. There are three sets of noise requirements that shall be satisfied depending on crewmember
tasks:

(1) Hearing conservation,
(2) voice communication, and

(3) annoyance.

5.4.3.2.1 HEARING CONSERVATION NOISE EXPOSURE REQUIREMENTS

The following types of hearing conservation noise exposure criteria shall apply:

A. Deleted.

B. Hearing Protection Devices — Hearing protection devices shall be provided for use during
exposure to noise levels of 85.0 dB(A) or greater.

5.4.3.2.1.1 WIDE BAND, LONG-TERM HEARING CONSERVATION NOISE EXPOSURE

REQUIREMENTS

The following long—term, wide band hearing conservation noise exposure criteria shall apply:

A. Hazard Level — Noise of constant sound levels of 85.0 dB(A) and greater are considered
hazardous regardless of the duration of exposure.

B. Deleted.
Deleted.
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5.4.3.2.1.2 NARROW BAND, LONG-TERM HEARING CONSERVATION NOISE EXPOSURE
REQUIREMENT

The relative Sound Pressure Levels (SPL) of narrow band components, pure—tones, and beat
frequencies shall be limited to a level at least 10.0 dB lower than the maximum SPL of the
octave—band which contains the component.

5.4.3.2.1.3 WIDE BAND, SHORT-TERM HEARING CONSERVATION NOISE EXPOSURE
REQUIREMENTS

This paragraph is not applicable for this document.

5.4.3.2.1.4 IMPULSE HEARING CONSERVATION NOISE EXPOSURE REQUIREMENTS

Impulse sound is a change in SPL of more than 10.0 dB in one second or less. Impulse noise
shall not exceed 140 dB peak pressure level to meet hearing conservation criteria for unprotected
ears.

[See MIL-STD-1474 regarding the relationship between the number of daily exposures, the
corresponding peak levels, B—duration values, and the required hearing protection devices when
iImpulse peak pressure corresponding levels exceed 140 dB.].

5.4.3.2.1.5 INFRASONIC, LONG-TERM ANNOYANCE NOISE EXPOSURE
REQUIREMENTS
The following infrasonic noise annoyance criteria shall apply:

A. Infrasound SPL - Infrasound SPL shall be less than 120 dB in the frequency range of 1.0
to 16.0 Hz for 24—hour exposure.

B. Deleted.

5.4.3.2.1.6 ULTRASONIC, LONG-TERM NOISE EXPOSURE REQUIREMENTS
The following ultrasonic noise annoyance criteria shall apply:
A. Deleted.

B. Hearing Protection — Ultrasonic noise hearing protection shall be provided.
5.4.3.2.2 VOICE COMMUNICATIONS NOISE EXPOSURE REQUIREMENTS

5.4.3.2.2.1 DIRECT VOICE COMMUNICATIONS NOISE EXPOSURE REQUIREMENTS

The following noise level criteria shall apply to areas where voice communications are
necessary:

A. Voice Communication Criteria — The communication criteria shown in Figure
5.4.3.2.2.1-1 shall be used to define maximum noise level based on voice communication
requirements.

B. Background Noise Level — Background noise for work areas shall not exceed the NC 50
contour unless otherwise specified. (Refer to Figure 5.4.3.2.2.1-1.)
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FIGURE 5.4.3.2.2.1-1 PSIL AND EFFECTIVE VOICE COMMUNICATION DISTANCE

C. Room Reverberation Time —

(1) The reverberation time of a spacecraft compartment shall be adjusted according to
room volume and the criterion for conversational speech as shown in Figure
5.4.3.2.2.1-2.

(2) In areas where crewmembers must communicate by voice, room reverberation time
of 0.5 +/- 0.1 second for the octave band centered at 1000 Hz shall be provided.
5.4.3.2.2.2 INDIRECT VOICE COMMUNICATIONS NOISE EXPOSURE REQUIREMENTS

5.4.3.2.3 ANNOYANCE NOISE EXPOSURE REQUIREMENTS

5.4.3.2.3.1 WIDE-BAND, LONG-TERM ANNOYANCE NOISE REQUIREMENTS
The following long—term, wide band annoyance noise criteria shall apply:

A. Maximum Continuous Noise —The maximum allowable continuous broadband SPLs
produced by the summation of all the individual SPLs from all operating systems and
subsystems considered at a given time shall not exceed the NC 50 contour for work
periods and the NC 40 contour for sleep compartments shown in Figure 5.4.3.2.3.1-1.
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FIGURE 5.4.3.2.2.1-2 PREFERRED REVERBERATION TIME

B. Sleep Compartment Noise Level —

(1) In sleep areas, the continuous broadband noise level shall not be less than the NC 25
contour.

(2) Hearing protection devices shall be available in sleep areas to provide aural isolation
as needed.

C. The A—weighted SPL [i.= dB(A)] for any given NC curve shall not exceed the level
shown in Figure 5.4.3.2.3.1-2.

5.4.3.2.3.2 NARROW-BAND ANNOYANCE NOISE EXPOSURE REQUIREMENTS

A. The maximum SPL of any narrow band continuous component or tone shall be at least 10
dB less than the broadband SPL of the octave—band which contains the component.

B. The A-Weighted SPL A=dB(A) for any given NC Curve shall not exceed the levels
shown in Figure 5.4.3.2.3.1-2.
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5.4.3.2.3.3 WIDE-BAND, SHORT-TERM ANNOYANCE NOISE EXPOSURE
REQUIREMENTS

The wide band annoyance noise level as a result of long—term and short—term (less than five
minutes) noise shall not exceed ag(B hours) of 55.0 dB during the sleep period.
5.4.3.2.3.4 IMPULSE ANNOYANCE NOISE EXPOSURE REQUIREMENTS

The following impulse noise annoyance criteria shall apply:

A. Sleep/Rest Periods — Anticipated impulse or transient noises shall not exceed background
noise by more than 10 dB during sleep/rest periods.

B. Deleted.

5.4.3.2.4 MEASUREMENT OF NOISE LEVELS
Acoustic noise measurements shall be conducted in accordance with the requirements
conforming to the sections on Instrumentation and Measurement in MIL-STD-1474.

5.5 VIBRATION

5.5.1 INTRODUCTION

This paragraph is not applicable for this document.

5.5.2 VIBRATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

5.5.3 VIBRATION DESIGN REQUIREMENTS

The basic environmental limitations and criteria for the design of crew stations and other
habitable compartment areas within space station are included herein.

A. Rectilinear vibrations transmitted to crewmembers shall be measured in the appropriate
directions of an orthogonal coordinate system having its origin at the heart. (See Figure
5.5.3-1). Limiting criteria are defined in the following sections for vibration accelerations
in the X, y, and z axes.

B. Included are the various vibration environmental parameters essential to crew safety and
comfort during a complete mission. The vibratory environment of Space Station shall be
designed to protect the crewmembers and preserve their ability to perform their operational
functions throughout the total mission.
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FIGURE 5.5.3-1 ACCELERATION ENVIRONMENT COORDINATE SYSTEM USED IN
MSIS (PAGE 1 OF 2)
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LNEAR NOTION Direction of Acceleration Inertial Resultant of Body Acceleration
Acting Force Acceleration Description Reaction Force | Verticular Description
Forward +ax Forward accel. +Gy Eye Balls In
Backward -ax Backward accel. -Gy Eye Balls Out
Upward -ay Headward accel. +Gz Eye Balls Down
Downward +az Footward accel. -Gz Eye Balls Up
To Right +ay R. Lateral accel. +Gy Eye Balls left
To Left -ay L. Lateral accel. -Gy Eye Balls Right
ANGULAR MOTION
Roll Right +p -Ryx Cartwheel
Roll Left -p +Ry
Pitch Up +q -Ry Somersault
Pitch Down - +Ry
Yaw Right +r +R2 Pirouette
Yaw Left -F -Rq
FOOTNOTES
Large letter, G, used as unit to express inertial resultant to whole body
accelerat@on in multiples of the magnitude of_the acceleration og gravity.
Acceleration of gravity, g., = 980,665 cm/sec® or 32.1739 ft/sec

FIGURE 5.5.3-1 ACCELERATION ENVIRONMENT COORDINATE SYSTEM USED IN
MSIS (PAGE 2 OF 2)

5.5.3.1 GENERAL VIBRATION DESIGN REQUIREMENTS
The following general vibration design criteria shall be observed:
A. Deleted.
B. Equipment Vibration
(1) Deleted.
(2) System design shall include vibration control provisions.
(3) Deleted.

C. Long Duration Vibrations — For vibration of duration longer than 8 hours in the 0.1 to 0.63
Hz band, or 24 hours in the 1.0 to 80.0 Hz band, the values at 8 hours and 24 hours,
respectively, are applicable. Referto 5.5.3.2.1 and 5.5.3.3.2.
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5.5.3.2 VIBRATION EXPOSURE (0.1 TO 1.0 HZ) DESIGN REQUIREMENTS

5.5.3.2.1 SEVERE DISCOMFORT BOUNDARY
The following vibration acceleration limits for 0.1 to 0.63 Hz shall apply:
A. Longitudinal Vibration —

(1) Figure 5.5.3.2.1-1 acceleration limits shall not be exceeded for the corresponding
periods of time in the z—axis at any crewmember station.

(2) If other modes of vibration exist, particularly pitch and roll, boundary accelerations
shall be reduced by 25.0 percent.

B. Transverse Vibration — Use 30.0 percent of value for longitudinal vibration requirements.
Rotational Tolerance —

(1) Tumbling or rotational rates shall not exceed 60.0 rpm about the axis of the heart or
40 rpm about the axis of the hips.

(2) If rotational vibration exists, the levels in Figure 5.5.3.2.1-1 shall be reduced by 25
percent in the frequency range 0.1 to 0.63 Hz.
5.5.3.2.2 DECREASED PROFICIENCY BOUNDARY

The following vibration limits for 0.1 to 0.63 Hz for crewmember stations and work areas shall
apply:

A. Longitudinal Vibration — For tasks requiring writing and fine manual control, vibration
rms—values shall not exceed 1.75 m ger s

B. Transverse Vibration — For transverse vibration use 25 percent of values shown in Figure
5.5.3.2.1-1.

5.5.3.2.3 REDUCED COMFORT BOUNDARY

See note in Figures 5.5.3.3.2-1 and 5.5.3.3.2-2

5.5.3.2.4 VIBRATION DURATION
The following vibration duration criteria for determining effective daily exposure shall apply:
A. Whole Body z—Axis Vibration (0.1 to 0.63 Hz) —

(1) Figure 5.5.3.2.1-1 shall be used to define the severe discomfort boundary for
one—half, two— and eight—hour exposures.

(2) The relationship@constant and values in Figure 5.5.3.2.1-1 shall be used if
interpolation of summation of a varying acceleration time history is required.

B. Deleted.

5.5.3.2.5 DELETED
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5.5.3.3 VIBRATION EXPOSURE (1.0 TO 80 HZ) DESIGN REQUIREMENTS

5.5.3.3.1 VIBRATION EXPOSURE LIMIT

This paragraph is not applicable for this document.

5.5.3.3.2 FATIGUE-DECREASED PROFICIENCY BOUNDARY

The following vibration acceleration limits for 1.0 to 80 Hz for crewmember stations and work
areas during orbital conditions shall apply:

A. Longitudinal Vibration — Vibration acceleration exposure shall not exceed the limits shown
in Figure 5.5.3.3.2—1 for z—axis direction, unless specified otherwise.

m/sec2 ft/sec2

60

140
430

20

Acceleration az,(rms)
N WROO ®O

40.8
06
40.5
0.4

Frequency or center frequency of third-octave band, Hz

To obtain:

— "exposure limits": multiply acceleration
values by 2 (6 dB higher);

- “reduced comfort boundary”: divide
acceleration values by 3.15 (10 dB lower)

FIGURE 5.5.3.3.2-1 LONGITUDINAL (Z-AXIS) ACCELERATION LIMITS
"FATIGUE-DECREASED PROFICIENCY BOUNDARY”

B. Transverse Vibration — Vibration acceleration exposure shall not exceed the limits shown
in Figure 5.5.3.3.2-2 for x—axis, y—axis directions, unless specified otherwise.

C. Visual Acuity Effects — For whole body vibration in the ranges of 3.0 to 11.0 Hz or 22.0 to
30.0 Hz, provisions shall be made to protect the crew from loss of visual acuity.
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5.5.3.3.3 REDUCED COMFORT BOUNDARY

Longitudinal vibration acceleration exposure for 1.0 to 80.0 Hz shall not exceed the limits shown
in Figure 5.5.3.3.3-1 for x—axis and y—axis vibration in areas in which crewmembers are resting

or sleeping.

5.5.3.3.4 VIBRATION DURATION

FIGURE 5.5.3.3.2-2 TRANSVERSE (X-AXIS, Y-AXIS) ACCELERATION LIMITS
"FATIGUE-DECREASED PROFICIENCY BOUNDARY”

The following vibration duration criteria for determining effective exposure shall apply:

A.

Whole Body z—Axis Vibration (1.0 to 80.0 Hz) — Figure 5.5.3.3.4-1 shall be used to define

the fatigue—decreased proficiency boundary for longitudinal vibration duration time

between 1.0 minute and 24 hours.

Whole Body x—Axis, y—Axis Vibration (1.0 to 80.0 Hz) — Figure 5.5.3.3.4-2 shall be used
to define the fatigue—decreased proficiency boundary for transverse vibration time between

1 minute and 24 hours.



SSP 50005C 15 December 1999

m/sec 2 ftisec?
0.25 T T T T T T T 0.8
0.6
0.16 -1
-0.4
0.1F /»—L‘\\ h
..ag-\‘Q//‘
0.063| ¥ -+0.2
a)(
@ 0.04 [ ’ -3
£ L 0.1
g 00251 10d8 —-0.08
2 -0.06
§ oo ro'jj (@; 1
] + e -0.04
3] F
& 0.01F 0.05 f -
0.0063[ ‘ f -+10.02
0.004 Longi?udinal B
F \ ransverse (z) axis 0.01
3 {x, v} axis
0.0025 T 16 25 4 63 10 16 25 40 63 100
F
m/secz requency, Hz ft/sec2
0.25 T T T T T T T T T 0.8
0.6
0.16 - 1
0.4
0.1 p— , =
PR
Fagt { H o
0.063| M I~ -T0.2
7
2 0.04 -
£ | 0.1
g‘ 0.025{ -T0.08
= —0.06
3 0.016 —
8 F -0.04
< oo -
0.0063 - —1+-0.02
0.004 | -1
—~0.01
z 1 1 i 1 1 I I )
0.0025 16 25 4 6.3 10 16 25 40 63 100 2«
Frequency, Hz 2} 5
Vibration exposure criteria for longitudinal and transverse {upper curve) %’E
and combined (lower curve) directions with respect to body axis.
Reference: 2, Figure 44, page 177

FIGURE 5.5.3.3.3-1 VIBRATION EXPOSURE CRITERIA

C. Interrupted Vibration — If the exposure to vibration is interrupted by pauses during a
24—hour period but the intensity of exposure remains the same, then the effective total
daily exposure time shall be determined by adding up the individual exposure times.

D. Variable Amplitude Vibration — If the acceleration amplitude varies with time or if the total
daily exposure is composed of several individual exposure times, at different levels, then
an “equivalent total exposure” shall be determined by the procedure given in ISO 2631.

5.6 RESERVED
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FIGURE 5.5.3.3.4-1 LONGITUDINAL (Z-AXIS) ACCELERATION LIMITS
"FATIGUE-DECREASED PROFICIENCY BOUNDARY”

5.7 RADIATION

571

INTRODUCTION

This paragraph is not applicable for this document.

5.7.2

5721

IONIZING RADIATION

IONIZING RADIATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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"FATIGUE-DECREASED PROFICIENCY BOUNDARY”

5.7.2.2 10ONIZING RADIATION DESIGN REQUIREMENTS

5.7.2.2.1 I0ONIZING RADIATION EXPOSURE LIMITS

5.7.2.2.2 10NIZING RADIATION PROTECTION DESIGN REQUIREMENTS

A.

B.

The projected dose rates in pressurized modules shall not exceed a dose equivalent to the
blood forming organs of 40.0 rem per year.

Use of on—board mass — The design and layout of onboard mass shall be parametrically
evaluated to determine the impact on radiation shielding for purpose of ALARA.

The use of radioactive isotopes and radiation producing equipment onboard the space
station shall require adherence to established safety review and use authorization
procedures/constraints for flight approval.

Each radiation source shall be documented using a completed JSC Form 44 (for reference
see NSTS 13830).
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D.

E.

F.

Near—continuous near real-time radiation dose and dose rate data shall be provided from
the Space Station to the ground to support normal and contingency operations.

Deleted.

Deleted.

5.7.2.2.3 I0ONIZING RADIATION MONITORING AND DOSIMETRY DESIGN
REQUIREMENTS

A.

Crewmember Radiation Dose Monitoring — The radiation dose for each individual
crewmember shall be monitored. This data will be used as part of the crewmember’s
radiation exposure history.

Area Radiation Monitoring — The accumulated radiation dose within occupied areas of the
space module shall be monitored and recorded for all missions.

Effective dose equivalent —

(1) The time resolved Linear Energy Transfer (LET) spectrum shall be measured to
determine the effective dose equivalent.

(2) LET spectral monitoring data shall be available through telemetry on the ground and
be capable of being read out on command from the ground.

Charged particle monitoring —

(1) Proton and other particle fluxes as a function of time and energy spectrum internal
and external to the Space Station shall be monitored and recorded.

(2) Particle radiation characteristics such as particle direction and secondary particle
flux shall be monitored.

(3) Charged particle spectral monitoring data shall be available through telemetry on the
ground and be capable of being read out on command from the ground.

Location of Radiation detectors — the location and characteristics of onboard radiation
detectors shall be consistent with the expected radiation environment.

Deleted.

5.7.2.2.4 10NIZING RADIATION PERSONNEL PROTECTION DESIGN REQUIREMENTS

5.7.3 NONIONIZING RADIATION

5.7.3.1 NONIONIZING RADIATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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5.7.3.2 NONIONIZING RADIATION DESIGN REQUIREMENTS

5.7.3.2.1 NONIONIZING RADIATION EXPOSURE LIMITS
The following nonionizing radiation exposure limits shall apply:

A. Radio Frequency (RF) Electromagnetic fields Exposure Limits: IEEE C95.1, 3.0 KHz to
300 GHz, shall apply as the standard for radio—frequency nonionizing exposure. These
exposure limits are shown in Figure 5.7.3.2.1-1 and illustrated in Figure 5.7.3.2.1-2.

B. Optical Laser Radiation Exposure Limits: The following laser exposure limits [contained
in both ANSI Z136.1 and American Conference of Industrial Hygienists (ACGIH)
Threshold Limit Values and Biological Exposure Indices for 1987-1988], apply to
continuous lasers [for repetitively pulsed lasers, the additional stipulations given in the
ANSI and ACGIH standards shall apply].

(1) Determination of “Point Source” or “Extended Source” Laser exposure Criteria
Applicability:
a. Exposure limits for “Extended Sources” shall apply to sources that subtend a
visual angle measured at the eye greater than the alpha—minimums given in
Figure 5.7.3.2.1-3.
b.  “Point Source” or “Extended Sources” shall apply to sources that subtend a
visual angle measured at the eye greater than the alpha—minimums given in
Figure 5.7.3.2.1-3.
c. “Point Source” exposure limits shall apply to source with alpha—minimum less
than those shown.
1 2 3 4 5
Frequency Range | ElectricField| Magnetic Power Density 15) Averaging Time
(MHz) Strength Field E—Field: H-Field (Minutes)
(E) (VIm) Strength (mW/cn?) |
(H) (A/m) IEF.S o  IHP
0.003-0.1 614 163 (100: 1,000,000) 6 6
0.1-1.34 614 163/f (100: 10,000§2)* 6 6
1.34-3.0 823.8f 16.3ff (180/f2: 10,000f2)* 2/0.3 6
3.0-30 275 16.3ff (180/f2: 10,000f2)* 30 6
30 - 100 275 158.3f1668 | (0.2: 940,00073-338* 30 0.063¢1-337
100 - 300 0.0729 0.2 30
300 - 3,000 /1,500 30
3,000 - 15,000 /1,500 616,000f1-2
15,000 — 300,000 10 90.000f

Note:

() +The exposure values in terms of electric field and magnetic field strengths are the values obtained|by
spatially averaging values over an area equivalent to the vertical cross—section area of the human bpdy
(projected area).

(2) These plane—wave equivalent power density values, although not appropriate for near—field conditigns, are
commonly used as a convenient comparison with MPEs at higher frequency and are displayed on spme
instruments In use.

FIGURE 5.7.3.2.1-1 OCCUPATIONAL EXPOSURE LIMITS FOR RADIO FREQUENCY
ELECTROMAGNETIC FIELDS



SSP 50005C 15 December 1999

1000 ‘ ls 1 T III!III[ T IIHHYI T llllllll T I|IH”] T |I|l|l|| T ITHHI] T [Illli

F ELECTRIC
E s14v/m ECTR

MAXIMUM PERMISSIBLE EXPOSURE |
STRENGTH (MPE)

(UNCONTROLLED ENVIRONMENT) 1

100 L t634/m 100

«—16.3/f
MAGNETIC
FIELD
STRENGTH

Lol

275V/m
10 mW/cm?2
POWER DENSITY

3

-

(@]
——
1

s

T

/4500

—_—

Laad

/158.3/f 1688

IR

0.2 mW/cm?

POWER DENSITY (mW/cm?2)

01

o

U ERLL]

0.073A/m

MAGNETIC FIELD STRENGTH (A/m):
ELECTRIC FIELD STRENGTH (VW/m)

con il

f 1S IN MHz

I R I It llllllll 1 lJlIllll L 11111|1I 1 Illlllll L iLIII!l] 1 IlIHllI i Illllll

0003 01 { 10 100 1000 10,000 100,000 300,000
FREQUENCY IN MHz

Graphic Representation of Maximum Permissible Exposure in Terms of Field and Powef Density

FIGURE 5.7.3.2.1-2 OCCUPATIONAL EXPOSURE LIMITS ILLUSTRATED TO SHOW
WHOLE BODY RESONANCE EFFECTS AROUND 100 MHZ

(2) Point Source Laser Eye Exposure Limits: The eye exposure limits given in Figure
5.7.3.2.1-4 shall apply to all point source lasers.

(3) Extended Source Laser Eye Exposure Limits: The eye exposure limits given in
Figure 5.7.3.2.1-5 shall apply to all extended source lasers.

(4) Maximum Permissible Exposure for Skin Exposure to a Laser Beam: The skin
exposure limits shown in Figure 5.7.3.2.1-6 shall apply.

(5) Exposure Limits for Commonly Available Types of Lasers: The eye and skin laser
exposure limits for specific types of laser shown in Figure 5.7.3.2.1-7 shall apply
(these limits are derived from the information given in the above figures).

C. Incoherent Ultraviolet (UV) Optical Radiation Exposure Limits: The following ultraviolet
exposure limits are based on the ACGIH Threshold Limit Values (TLV) and biological
exposure indices.

(1) Determination of Combined Continuous and Pulsed UV Exposure Average: The
irradiance from continuous exposure and radiant exposure for time—limited or pulsed
exposures to the eye or skin shall be averaged over the area of a circular
measurement aperture of less than 1.0 mm (0.03937 in.) diameter.
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Wavelength) (um) | Exposure Duration, (s) Maximum Permissible Notes for Calculation
Exposure (MPE) and
Measurement
Ultraviolet
0.200 to 0.302 109 to 3 x 10 3 x103J+ cnr?
0.303 1090 3 x 10 4 x103J+ cnr?
0.304 1090 3 x 16 6 x103J+ cnr? or 0.56t1/4 Je
0.305 1090 3 x 10 1.0 x162J + cnr? cnr?,
0.306 109%to 3 x 10 1.6 x162J+ cnr? whichever is lowef
0.307 1090 3 x 10 2.5 x162 J « cnr?
0.308 1090 3 x 1¢ 4.0 x162J « cnr?2
0.309 10_9t0 3x 16 6.3 X:I.O—2 J e Cn’r2 1 mm ||m|t|ng aperture
0.310 1090 3 x 10 1.0 x161J+ cnr?
0.311 1090 3 x 16 1.6 x161J+ cnr?
0.312 1090 3 x 1¢ 2.5 x161J« cnr?
0.313 10°%t0 3 x 1¢ 4.0 x161J « cnr?2
0.314 1090 3 x 10 6.3 x101J « cnr?
0.315 to 0.400 109t0 10 0.56 £/4 J « cnr?
0.315 to 0.400 10to 3 x 16 1Je cnr?
0.315 to 0.400 103 to 3 x 10 1x103J ¢ cnr?
Visible & Near Infrared
0.400 to 0.700 10°9t01.8 x 10° 5x107J+ cnr?
0.400 to 0.700 1.8 x 10° to 10 1.8t3/4x 1033 « cnr?
0.400 to 0.550 10 to 10 10x 103J « cnr?
0.550 to 0.700 10to Ty 1.8t34x 1033 « cnr?
0.550 to 0.700 T, to 104 10Cg x 103J « cnr2
0.400 to 0.700 10 to 3 x 1@ Cg x 106W+ cnr? 7 mm limiting
0.700 to 1.050 109to0 1.8 x 165 5Cax107J « cnr? aperture
0.700 to 1.050 1.8 x 10° to 16 1.8Cat34x 1033 « cnr?
1.051 to 1.400 109 to 5 x 10° 5x106J« cnr?
1.051 to 1.400 5x 10 to 13 9t3/4x 103J « cnr?
0.700 to 1.400 103 to 3x 10* 320 Gy x 10W « cnr?
Far Infrared
1.4t0 18 109%to 107 102J « cnr?
10710 10 0.56t /43 « cnr2
>10 0.1 W+ cnr?
1.54 only 109to 10 1.0Je cnr?
Notes: G =1 forA =0.400 to 0.70Qum,

Cp = 10%-0(A-0.700)for )\ = 0.700 to 1.05@m

Ca =5 for A = 1.050 to 1.40@um

Cg =1 for A = 0.400 to 0.55@m

Cg = 1015 -0550)for \ = 0.550 to 0.70Qm

T1 =10 x 160 -0.550)for )\ = 0.550 to 0.70Qum

FIGURE 5.7.3.2.1-4 "POINT SOURCE” LASER EYE EXPOSURE LIMITS

(2) UV-A Spectrum (315 to 400 nm) Radiation Exposure Limits: The total irradiance
incident upon unprotected skin shall be less than 10.0 W $¢0.653 Btu per #

—min) for periods of exposure longer than 1000 seconds. For exposure times less
than 1000 seconds, radiant exposure shall be less than 1.0 PgérQ06 Btu per

in?).
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Wavelength) (um)

Exposure Duration, t (

) Maximum Permissible
Exposure (MPE)

Ultraviolet
0.200 to 0.302 1090 3 x 16 3% 1037« o2
0.303 10%t0 3 x 1d¢ 4x103Je cnT2
0.304 10%0 3 x 1@ 6 x 1037+ cnT2
0.305 109 to 3x 1@ 1.0 x 162Je cnr?
0.306 109 to 3x 1@ 1.6 x 162Je cnr2
0.307 109 to 3 x 10 25x102Js cnT?
0.308 109103 x 10 40 1027~ onr2
0.309 109 to 3x 10 6.3 x 1027~ o2
0.310 10°9to 3 x 1¢ 1.0 x 1613« cnr2
0.311 109%to 3 x 1@ 1.6 x 161Je cnr2
0.312 109103 x 10 55 % 1017« omr2
0.313 109 to 3x 10 40x1017e onr2
0.314 109 to 3 x 10 6.3 x 1017« o2
0.315 to 0.400 10° to 10 0.56 &/4 Je o2
0.315 to 0.400 10to 3 x 16 1 3 onr2
Visible 10° to 10 10 £33+ cnr2e sr-l
0.400 to 0.700 10 to 1¢ 21 Jo cnm2s sl
0.400 to 0.550 10to T 3.83 84 Je cnr2e g1
0.550 to 0.700 @ T1to 1%?' 21 Gg Je cnr2e srl
0.550 to 0.700 10°to3x1 3\ o 1
0.400 to 0.700 21Cx 10°5W « o2 sr-
Near Infrared 109to 10 10 Gy t137+ cnr2e s
0.700 to 1.400 10to 16 3.83C t3/4J . 24 1
0.700 to 1.400 1030 3 x 10 ) enoe st
0.64 Gy W e« cnT2e g1
1.051 to 1.400
Far Infrared 10910 1077 214 cpe2
1.4-16 10710 10 0 56119,:1 j 2
>10 0.1 We cnr?
1.54 Only 109t0 106 1.0 Je cnr2
Notes: G =1 forA =0.400 to 0.70Qum,

Cp = 1204 -0.700)for )\ = 0.700 to 1.05Qm
Ca =5 for A =1.051 to 1.40@um
Cg = 1 for A = 0.400 to 0.55Qm
Cg = 10t5(A-0.550)for A = 0.550 to 0.70Qim

T1 =10 x 160 -0.550)for A\ = 0.550 to 0.70(um

or 0.56 tY4 Je cn?,
whichever is lowen

1 mm limiting apertur

1 mm limiting
aperture omin,
whichever is
greater

D

FIGURE 5.7.3.2.1-5

"EXTENDED SOURCE” LASER EYE EXPOSURE LIMITS
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Wavelength) (um)

Exposure Duration, t (S

Maximum Permissible
Exposure (MPE)

~

Ultraviolet
0.200 to 0.302
0.303

0.304

0.305

0.306

0.307

0.308

0.309

0.310

0.311

0.312

0.313

0.314
0.315to 0.400
0.315to 0.400
0.315to 0.400

Visible & Near Infrared
0.400 to 1.400

Far Infrared
1.4t0 16

1.54 Only

109 to 3 x 1¢
109 to 3 x 1¢
109 to 3x 1¢
109 to 3x 1¢
109 to 3 x 1¢
109 to 3x 1¢
109 to 3 x 1¢
109 to 3x 1¢
109 to 3 x 1¢
109 to 3 x 1¢
109 to 3 x 1¢
109 to 3 x 1¢
109 to 3 x 10
109 to 10

10 to 18

108 to 3 x 10

109 to 107
107 to 10
10to 3 x 16

109to 1077
107 to 10
>10

109to 10°

3 x103 Je cnr?
4 x103 Je cnr?
6 x 103 Je cnr?
1.0 x 162 Je cnr2
1.6 x 102 Je cnr?
2.5 x 102 Je cnr2
4.0 x 162 Js cn1?
6.3 x 162 Je cnT?
1.0 x 101 Je cnr2
1.6 x 101 Je cnr2
2.5 x 161 Je cnr?
4.0 x 161 Je cnt?
6.3 x101Je cnr?
0.56 &/4 J« cnr2

1 Je cn?

1 x103 Je cnr?

2 Caox 102 Je cnr2
1.1 Cu tY4 Je cnm2
0.2CA W e cnm2

102J e« cnr?l
0.56 &/4 J « cnr2
0.1 W e cnr?

1.0J+ cnr?

Notes for Calculation
and
Measurement

0.56 t1/4 Je cnr?,
whichever is lower

1 mm limiting aperture

1 mm limiting aperture

1 mm limiting aperture for
1.4 to 100um

11 mm limiting aperture
for0.1to 1 mm

FIGURE 5.7.3.2.1-6 MAXIMUM PERMISSIVE EXPOSURE FOR SKIN EXPOSURE TO A
LASER BEAM

®3)

Actinic UV Spectrum (200-315 nm) Radiation Exposure Limits: (The following

UV exposure limits are contained in ACGIH standards). The TLV for radiant

exposure incident upon unprotected skin or eye within the 8—hour period are given in
Figure 5.7.3.2.1-8. The maximum exposure durations to broadband actinic UV

sources are given in Figure 5.7.3.2.1-9.

(4)

Broad—Band Optical Sources: The spectral weighting function listed in Figure
5.7.3.2.1-10 shall apply in determining broad—band optical exposure limits (see
ACGIH for formula needed to calculate exposure times).
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Helium—Cadmium 441.6 a) 2.5 mWe cnT2for 0.25 s 0.2 We cm-2
Argon 488/514.5 |b) 10 mJ cnT2for 10 to 16 s for t >10s
C) 1pWe cnr2fort>10s
Helium—Neon 632.8 |a) 2.5 mWe cnT2for 0.25 s
b) 10 mJ cnr2for 10 s 0.2 We cm-2
C) 170 m» cnt2fort > 453 s
d) 17uW e cnr2fort> 10t s for t >10s
Krypton 647 a) 2.5 mWe cnT2for 0.25 s
b) 10 mJe cnT2for 10 s 0.2 We cm-2
c) 280 m» cnt2fort>871s
d) 28uW e cnr2fort> 10t s for t >10s
Neodymium: YAG 1,064 1.6 m We cnm2for t >1000 s 1.0 We cm-2
Gallium—Arsenide 905 0.8 m We cnt2for t >1000 s 0.5 We cm-2
at room temp fort> 10s
Helium—Cadmium 325 1 Je cnr? for 10 to 3 x 18s a) 1 J» cnt?2 for
10 to 1000s
Nitrogen 337.1 b) 1 mWe cnr?2
for t > 10009
Carbon—dioxide 10,600 0.1 Wecnr2fort>10 s 0.1 We cnr?2
(and other lasers fort >10s
1.4um to 1000um)

FIGURE 5.7.3.2.1-7

INTRABEAM MPE FOR THE EYE AND SKIN FOR SELECTED

LASERS
Wavelength TLV Relative Spectral
(nm) (mJ/cm?2) Effectiveness
200 100 0.03
210 40 0.075
220 25 0.12
230 16 0.19
240 10 0.30
250 7.0 0.43
254 6.0 0.5
260 4.6 0.65
270 3.0 1.0
280 3.4 0.88
290 4.7 0.64
300 10 0.30
305 50 0.06
310 200 0.015
315 1000 0.003

FIGURE 5.7.3.2.1-8 TLVS FOR RADIANT EXPOSURE OF ACTINIC UV UPON
UNPROTECTED SKIN OR EYE
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Duration of Exposure Effective Irradiance,
Per Day Eoff (LW/Cm?)
8 hrs 0.1
4 hrs 0.2
2 hrs 0.4
1hr 0.8
30 min 1.7
15 min 3.3
10 min 5
5 min 10
1 min 50
30 sec 100
10 sec 300
1 sec 3,000
0.5 sec 6,000
0.1 sec 30,000

FIGURE 5.7.3.2.1-9 PERMISSABLE ULTRAVIOLET EXPOSURES

Notes for Figures 5.7.3.2.1-8 and 5.7.3.2.1-9:
ULTRAVIOLET RADIATION

These TLVs refer to UV radiation in the spectral region between 200 and 400 nm and represent condition
which it is believed that nearly all workers may be repeatedly exposed without adverse effect. These valy
exposure of the eye or the skin apply to ultraviolet radiation from arcs, gas and vapor discharges, fluoresg
incandescent sources, and solar radiation, but do not apply to UV lasers.* These values do not apply to
radiation exposure of photosensitive individuals or of individuals concomitantly exposed to photosensitizin
agents. These values should be used as guides in the control of exposure to continuous sources where t
duration shall not be less than 0.1 sec.

These values should be used as guides in the control of exposure to UV sources and should not be regar
fine line between safe and dangerous level.

Recommended Values:

The TLV for occupational exposure to ultraviolet radiation incident upon skin or eye where irradiance valu
known and exposure time is controlled are as follows:

1. For the near UV spectral region (320 to 400 nm) total irradiance incident upon the unprotected eye

not exceed 1 mW/cfor periods greater than 48econds (approximately 16 minutes) and for exposure

times less than 2&econd should not exceed one Fcm
2. For the actinic UV spectral region (200-315 nm), radiant exposure incident upon the unprotected sk
should not exceed the values given in Figure 5.7.3.2.1-8 within an 8 hour period.
3. To determine the effective irradiance of a broadband source weighted against the peak of the spect
effectiveness curve (270 nm), the following weighting formula should be used:

gf = ZE)\S)\A)\
Where:
Eeff = effective irradiance relative to a monochromatic source at 270 nm inAd¢sten?)
E\ = spectral irradiance in W/cimm
S = relative spectral effectiveness (unitless)
AN = band width in nanometers

4, Permissible exposure time in seconds for exposure to actinic UV radiation incident upon the unprotd
skin or eye may be computed by dividing 0.003 3/bsnEgs in W/cn?.

5 under
es for
ent and
ltraviolet

g
he exposure
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should

in or eye
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*See Laser Exposure Limits
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Blue—Light Burn Hazard
Wa\(/r(;:-rlr?)ngth Hazard—Function Function
B) R\
400 0.10 1.0
405 0.20 2.0
410 0.40 4.0
415 0.80 8.0
420 0.90 9.0
425 0.95 9.5
430 0.98 9.8
435 1.0 10.0
440 1.0 10.0
445 0.97 9.7
450 0.94 9.4
455 0.90 9.0
460 0.80 8.0
465 0.70 7.0
470 0.62 6.2
475 0.55 5.5
480 0.45 4.5
485 0.40 4.0
490 0.22 2.2
495 0.16 1.6
500-600 10[(1450-4)/50] 1.0
600-700 0.001 1.0
700-1050 NA 10[(1700-4)/500]
1050-1400 NA 0.2

FIGURE 5.7.3.2.1-10 SPECTRAL WEIGHTING FUNCTIONS FOR ASSESSING RETINAL
HAZARDS FROM BROAD-BAND OPTICAL SOURCES

5.7.3.2.2 NONIONIZING RADIATION PROTECTION DESIGN REQUIREMENTS

The following design requirements shall be implemented to protect crewmembers against
nonionizing radiation:

A. Safety Guidelines —

(1) Systems employing lasers shall be designed and operated in accordance with ANSI
Z136.1 except where the unigue environment or mission requirements clearly makes
it unreasonable to do so.

(2) The hazard analysis for a system shall specifically address any instance where it does
not meet the standard.

B. RF and Optical Radiation Monitoring — Based on the identified sources of RF and optical
radiation, monitoring and warning systems shall be provided consistent with the potential
hazard from each source.

C. Procedures for RF and Optical Sources —

(1) Procedures for the safe operation of RF and optical radiation source shall be
provided.

(2) Based on the mission plans, the possibility of providing automatic power shutoff for
the safety—related RF and optical radiation equipment shall be considered.
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D. Protective Measures — Procedures and equipment shall be provided to enable positive
protective measures to be taken to prevent accidental exposures from RF and optical
radiation.

E. Personnel Protection Devices — Based on the safety requirements and the results of the
electromagnetic hazards analysis, personnel protective device requirements (eyewear,
clothing) shall be established and the requisite personnel equipment be provided.

5.8 THERMAL ENVIRONMENT

5.8.1 INTRODUCTION

This paragraph is not applicable for this document.

5.8.2 THERMAL ENVIRONMENT DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
5.8.3 THERMAL ENVIRONMENT DESIGN REQUIREMENTS
5.8.3.1 TEMPERATURE, HUMIDITY, AND VENTILATION DESIGN REQUIREMENTS

5.8.3.2 THERMAL MONITORING AND CONTROL DESIGN REQUIREMENTS

The following requirements shall apply to the monitoring and control of the space cabin thermal
environment:

A. Routine monitoring of Thermal Environment —
(1) Monitoring of cabin temperature and relative humidity shall be provided.
(2) Routine monitoring of the thermal environment shall be automated.

The number, type, and location of temperature sensors and the frequency of
monitoring shall be such as to ensure measurement of representative cabin
temperature and to allow stable control of those temperatures.

(3) Visual and audible alarms shall be automatically initiated when thermal parameters
exceed the limits.

B. Adjustment of Thermal Environment by the Crew — Crewmembers shall be provided with
controls that allow them to modify temperatures, humidity, and ventilation rates inside the
Space Station.

C. Sleep Compartment, Personal Hygiene Area, and Waste Management Compartment
Thermal Environment Controls — Temperature and ventilation shall be maintained in each
of the private crew accommodations and the waste management compartment and be
controllable within the range of these parameters.

D. Exercise Station Perspiration Control — Each exercise station shall be provided with a
method of sweat removal and collection.

5.9 DELETED
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6.0 CREW SAFETY

6.1 INTRODUCTION

This safety chapter is not intended to be a comprehensive guide to Space Station safety. It deals
only with general safety requirements that are a specialized subset of the total safety discipline.
This specialized subset addresses only the following topics: (1) mechanical hazards, (2)
electrical hazards, (3) touch temperature, and (4) fire protection and control.

Additional sections of this document listed below are considered by the Space Station Program
Office to contain information which is directly related and/or applicable to the overall safety of
the ISS crewmembers.

5.1.3.2 Atmosphere Monitoring Design Requirements
5.1.3.2.1Atmosphere Toxicological Monitoring Design Requirements
5.7.2.2lonizing Radiation Design Requirements

5.7.3.2 Nonionizing Radiation Design Requirements

5.8.3.2 Thermal Monitoring And Control Design Requirements
7.2.2.3.2 Potable Water Quality Design Requirements

7.2.5.3.6 Personal Hygiene Water Design Requirements

7.2.7.3 Routine Health Monitoring Design Requirements

8.7.3.4 Emergency And Escape Route Design Requirements
9.4.4.3 Caution And Warning System Design Requirements
9.5.3.1.13 Caution And Warning Labels Design Requirements
11.7.2.3.2.3 Foot Restraint Loads Design Requirements
11.7.2.3.3.2 Body Restraint Loads Design Requirements

11.8.2.2.4 Handhold And Handrail Design Loads Design Requirements
11.10.3.1 Fluid Connectors Design Requirements

11.10.3.2 Electrical Connectors Design Requirements

14.4.3.4 EVA Crew Restraint Design Requirements

Paragraph 3.3.6, of the System Specification for the Space Station, provides overall safety
requirements. In case of conflict between that section of the System Specification and this
chapter of the FCI requirements, the System Specification takes precedence.

6.2 GENERAL SAFETY

6.2.1 INTRODUCTION

This paragraph is not applicable for this document.

6.2.2 GENERAL SAFETY DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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6.2.3 DELETED
6.3 MECHANICAL HAZARDS

6.3.1 INTRODUCTION
This paragraph is not applicable for this document.

6.3.2 MECHANICAL HAZARD DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
6.3.3 MECHANICAL HAZARD DESIGN REQUIREMENTS

6.3.3.1 EXPOSED EDGE REQUIREMENTS FOR FACILITIES AND MOUNTED HARDWARE

A. Exposed edges 6.4 mm (0.25 in) thick or greater shall be rounded to a minimum radius of
3.0 mm (0.12in.). See Figure 6.3.3.1-1.

3.0 mm (0.12 in.
minimum radius

T\ 6.4 mm (0.25in.)

or greater

FIGURE 6.3.3.1-1 REQUIREMENTS FOR ROUNDING EXPOSED EDGES 6.4 MM (0.25
IN.) THICK OR THICKER

B. Exposed edges 3.0 to 6.4 mm (0.12 to 0.25 in) thick shall be rounded to a minimum radius
of 1.5 mm (0.06 in.). See Figure 6.3.3.1-2.

C. Exposed edges 0.5 to 3.0 mm (0.02 to 0.12 in.) thick shall be rounded to a full radius. See
Figure 6.3.3.1-3.

D. The edges of thin sheets less than 0.5 mm (0.02 in.) thick shall be rolled or curled. See
Figure 6.3.3.1-4.

6.3.3.2 EXPOSED CORNER REQUIREMENTS FOR FACILITIES AND MOUNTED
HARDWARE

A. Exposed corners of materials less than 25.0 mm (1.0 in.) thick shall be rounded to a
minimum radius of 13.0 mm (0.5 in.). See Figure 6.3.3.2-5.

B. Exposed corners of materials that exceed 25.0 mm (1.0 in.) thick shall be rounded to 13.0
mm (0.5 in). See Figure 6.3.3.2-6.
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1.5 mm (0.06 in:
minimum radius

2

T\ 3.0t0 6.4 mm

(0.12t0 0.25in.)

FIGURE 6.3.3.1-2 REQUIREMENTS FOR ROUNDING EXPOSED EDGES 3.0 TO 6.4 MM
(0.12 TO 0.25 IN.) THICK OR THICKER

Full radius 7
Y

£ D
A

— 0.5t03.0 mm
(0.021t00.12in.)

FIGURE 6.3.3.1-3 REQUIREMENTS FOR ROUNDING EXPOSED EDGES 0.5 TO 3.0 MM
(0.02 TO 0.12 IN.) THICK OR THICKER

6.3.3.3 PROTECTIVE COVERS FOR PORTABLE EQUIPMENT

Portable equipment which does not meet the corner and edge requirements of 6.3.3.1 and 6.3.3.2
shall be covered or shielded when not in use.

6.3.3.4 HOLES

Holes that are are round or slotted in the range of 10.0 to 25.0 mm (0.4 to 1.0 in.) shall be be
covered.

6.3.3.5 LATCHES

Latches that pivot, retract, or flex so that a gap of less than 35 mm (1.4 in.) exists shall be
designed to prevent entrapment of a crewmember’s appendage.
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Less than 0.5 mm
(0.02in.)

T ' =)

Rolled or curle

FIGURE 6.3.3.1-4 REQUIREMENTS FOR CURLING OF SHEETS LESS THAN 0.5 MM
(0.02 IN.) THICK

13 mm (0.51in.)
radius

Full to 3.0 mm
(0.12 in.) radius

Thickness less th
25 mm (1.01in.)

FIGURE 6.3.3.2-5 REQUIREMENTS FOR ROUNDING OF CORNERS LESS THAN 25
MM (1.0 IN.) THICK

6.3.3.6 SCREWS AND BOLTS

Threaded ends of screws and bolts accessible by the crew and extending more than 3.0 mm (0.12
in.) shall be capped to protect against sharp threads.

6.3.3.7 SECURING PINS

Securing pins in hand rails shall be designed to prevent their inadvertently backing out above the
handhold surface.

6.3.3.8 LEVERS, CRANKS, HOOKS, AND CONTROLS

Levers, cranks, hooks, and controls shall not be located where they can pinch, snag, or cut the
crewmembers or their clothing.
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/

Thickness greater
than 25 mm (1.0 in.)

13 mm (0.5in.)

radiisj
\> Full to 3.0 mm

(0.12 in.) radius

FIGURE 6.3.3.2-6 REQUIREMENTS FOR ROUNDING OF CORNERS GREATER THAN 25

MM (1.0 IN.) THICK

6.3.3.9 BURRS

Exposed surfaces shall be free of burrs.

6.3.3.10 LOCKING WIRES

Refer to 11.9.3.2, Item H. and 11.9.3.3, Item I.

6.3.3.11 LOOSE EQUIPMENT

Loose equipment edge and corner radiusing shall be per Figure 6.3.3.11-1.

Mass (KQg) Edge Radius (mm) Corder Radius (mm)
0.0t0 0.25 0.3 0.5

0.25t0 0.5 0.8 1.5
0.5t0 3.0 15 3.5
3.0t015.0 3.5 7.0

15.0 to 50.0 3.5 13.0
Mass (Ib) Edge Radius (in.) Corder Radius (in.)
0.0to 0.5 0.01 0.02
05tol.1 0.03 0.06
1.1t06.6 0.03 0.14

6.6 to 33.0 0.14 0.3

33.0to 110.0 0.14 0.5

FIGURE 6.3.3.11-1 LOOSE EQUIPMENT EDGE AND CORNER RADIUSING

REQUIREMENTS
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This paragraph is not applicable for this document.

6.4.2 ELECTRICAL HAZARDS DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

6.4.3 ELECTRICAL HAZARDS DESIGN REQUIREMENTS

A. Equipment design shall protect the crewmembers from electrical hazards.

B. Indesigning to minimize electrical shock hazards, controls shall be incorporated such that

if the worst case credible failure can result in a crewmember exposure that:

(1) is below the threshold for shock (i.e., below maximum leakage current and voltage

requirements as defined within this Section), no controls shall be required;

(2) exceeds the threshold for shock and is below the threshold of let—go (critical hazard)
as defined in Figure 6.4.3-1, two independent controls (e.g., a safety (green) wire,
bonding, insulation, leakage current levels below maximum requirements) shall be
required such that no single failure, event, or environment can eliminate more than

one control; or,

(3) exceeds the threshold of let—go (catastrophic hazardous event), tolerance to two

failures (e.g., use of three independent controls) shall be required.

(Based on 99.5 Percentile Rank of Adults
Maximum Total Peak Current
Frequency (Hz) (ac + dc components combined)

dc 40.0

15 8.5
2000 8.5
3000 13.5
4000 15.0
5000 16.5
6000 17.9
7000 19.4
8000 20.9
9000 22.5
10000 24.3
50000 24.3

FIGURE 6.4.3-1 LET-GO CURRENT PROFILE THRESHOLD VERSUS FREQUENCY
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If two independent controls are provided, the physiological effect of the combination of the
highest internal voltage applied to or generated within the equipment and the frequency
and wave form associated with a worst case credible failure that can be applied to the
crewmember shall be below the threshold of let—go.

Nonpatient equipment with internal voltages not exceeding 30 volts rms shall be
considered as containing potentials below the threshold for electrical shock.

If the classification of the hazard is marginal or unclear, tolerance to two failures (e.g., use
of three independent hazard controls) shall be required.

For nonpatient equipment, a crew electrical shock hazard protection system utilizing
design to minimum risk criteria when approved by the Safety Review Panel may be used
in lieu of the fault tolerance approach described within this paragraph.

6.4.3.1 GROUNDING

A.

B.

G.

All electrical powered equipment external, nonisolated metal parts subject to user contact
shall be at ground potential.

A permanent bonding means shall be provided to facilitate the connection of metal parts to
ground prior to the connection of any electrical signals or power.

A permanent bonding means shall be provided to facilitate the removal of all electrical
signals and power prior to the removal of metal parts from ground.

Grounding conductors internal to an Orbital Replaceable Unit (ORU) shall be secured
internally to the ORUs metal enclosure by means of a fastening technique unlikely to be
removed during any servicing operation.

Solder alone shall not be used for securing the grounding conductor.

Each grounding or bonding means shall be capable of conducting the maximum ground
fault current amplitude and duration which might occur as the result of discharges (static,
plasma, etc.), induced RF voltages, internal power—faulted equipment, and accidental short
circuits.

All grounding shall conform to SSP 30240.

6.4.3.1.1 HINGED OR SLIDE MOUNTED PANELS AND DOORS GROUNDING

A.
B.

Hinges or slides shall not be used for grounding paths.

A ground shall be considered satisfactory if the electrical connection between the
conductive door or panel, in both the open and closed position, and the equipment tie point
exhibits a resistance of less than 0.1 ohms and has sufficient ampacity to insure the reliable
and immediate tripping of associated equipment over—current protection devices.

6.4.3.2 ELECTRICAL BONDING

On-orbit electrical bonding shall meet the requirements of SSP 30245 to prevent damage to the
vehicle or injury to crewmembers due to discharges (static, plasma, etc.), induced RF voltages,
internal power—faulted equipment, and accidental short circuits. Each independent bonding path
is considered a hazard control for electrical shock.



SSP 50005C 15 December 1999

6.4.3.3 PROTECTIVE COVERS

A. Equipment shall provide grounded or nonconductive protective covering for all electrical
hardware.

B. Electrical termination points shall be protected from inadvertent contact by crewmembers,
inadvertent contact from foreign objects entering electrical junctions, and moisture
accumulation.

6.4.3.4 INTERLOCKS

This paragraph is not applicable for this document.

6.4.3.5 WARNING LABELS

A. Warning labels shall be provided where inadvertent contact with electrical potentials are
hazardous to crewmembers.

B.  Warning labels shall comply with the requirements in 9.5.3.

6.4.3.6 WARNING LABELS PLUS RECESSED CONNECTORS

This paragraph is not applicable for this document.

6.4.3.7 PLUGS AND RECEPTACLES
Plugs and receptacles shall meet the requirements in 11.10.
In addition:

A. Plugs and receptacles (connectors) shall be selected and applied such that they cannot be
mismated or cross—connected in the intended system as well as adjacent systems. Although
required, the use of identification alone is not sufficient.

B. Connectors shall be selected and applied such that they have sufficient mechanical
protection to mitigate inadvertent crewmember contact with exposed electrical contacts.

C. Connectors shall be specifically designed and approved for mating and demating in the
existing environment under the loads being carried, or connectors shall not be mated or
demated until voltages have been removed (dead—faced) from the powered side(s) of the
connectors.

6.4.3.8 INSULATION
All materials shall meet the requirements of SSP 30233.
In addition:

A. All exposed electrical conductors and terminations shall be insulated.

B. The crew shall be protected from electrical hazards when utilizing tools within 24 inches
of exposed electrical potentials.
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6.4.3.9 PORTABLE EQUIPMENT/POWER CORDS

A. A Ground Fault Circuit Interrupter (GFCI) used in conjunction with a portable equipment
Is considered as one hazard control. Nonbattery powered portable equipment shall
incorporate a three—wire power cord; e.g., a 120 volt supply lead (+), a 120 volt return lead
(-), and a safety (green) wire, one end connected to the portable equipment chasis (and all
exposed conductive surfaces) and the other end connected to structure at the GFCI location
through the GFCl interface. A system of double insulation or its equivalent, when
approved by the procuring agency, may be used without a ground wire.

B.  Fault currents resulting from a single failure within a nonbattery powered portable
equipment shall not exceed the total peak currents specified in the profile shown in Figure
6.4.3-1 for fault current frequencies of 15.0 Hz and above.

6.4.3.10 MOISTURE PROTECTION

Equipment shall be designed so that moisture collection will not present a safety hazard to the
crew.

6.4.3.11 STATIC DISCHARGE PROTECTION

Equipment shall be designed so that the crewmembers are protected from static charge buildup.

6.4.3.12 OVERLOAD PROTECTION

A. The functioning of an overload protective device shall not result in a fire, electric shock, or
crewmember injury.

B. An overload protective device shall not be accessible without opening a door or cover,
except that the operating handle or operating button of a circuit breaker, the cap of an
extractor—type fuseholder, and similar parts may project outside the enclosure.

C. The arrangement of extractor—type fuseholders shall be such that the fuse shall not be
positively held or gripped by any part of the fuseholder while energized parts are exposed
at any time during replacement.

The load shall be connected to the fuseholder terminal that terminates the removable cap
assembly.

D. Overload protection (fuses and circuit breakers) intended to be manually replaced or
physically reset on—orbit shall be located where they can be seen and replaced or reset
without removing other components.

E. Each overload protector (fuses and circuit breakers) intended to be manually replaced or
physically reset on—orbit shall be readily identified or keyed for its proper value.

F.  Overload protection shall be designed and rated for on—orbit use including the maximum
environmental range expected as the result of contingencies.
6.4.3.13 BATTERIES

A. Unless intentionally designed for the purpose, batteries shall not be connected to or
disconnected from a current drawing load. Batteries and their utilization will conform to
the requirements of JSC 20793 and JPL 86-14.

B. Batteries/battery packs with potentials above 30 volts dc shall provide hazard controls as
specified in 6.4.3.
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6.4.3.13.1 NONORU BATTERIES

A.

Batteries not configured as ORUs shall be located so that they can be easily disconnected
and removed without special equipment.

Mounting provisions shall ensure retention for all service conditions.

Polarity of the battery terminals shall be prominently marked or battery terminal
connections be polarized to mitigate erroneous installation.

6.4.3.14 MECHANICAL ASSEMBLY

A.

A switch, fuseholder, lampholder, attachment plug receptacle, or other energized
component that is handled by a crewmember shall not rely on friction alone to prevent
turning in its mounting panel.

The mounting of components to a printed wiring board and the mounting of the printed
wiring board itself shall be such that any forces that might be exerted on the components
or board will not displace the components or deflect the board so as to produce an electric
shock or fire.

6.4.3.15 SWITCHES/CONTROLS

A.

Switches/controls shall be designed such as to prevent hazardous unexpected manual or
automatic operation.

Switches/controls which provide automatic starting after an overload initiated shutdown
shall not be employed.

6.4.3.15.1 POWER SWITCHES/CONTROLS

A.

Switches/controls performing ON/OFF power functions shall open or dead—face all supply
circuit conductors except the power return and the equipment grounding conductor while
in the power OFF position.

Power OFF markings and/or indications shall only be used if all parts, with the exception
of overcurrent devices and associated electromagnectic interference filters, are
disconnected from the supply circuit.

STANDBY, CHARGING, or other appropriate nomenclature shall be used to indicate that
the supply circuit is not completely disconnected for this power condition.

6.4.3.16 DELETED

6.4.3.17 GROUND FAULT CIRCUIT INTERRUPTERS

A.

A nonportable utility outlet with output voltages exceeding 30.0 volts rms intended to
supply power to portable equipment shall include a GFCI, as an electrical hazard control,
in the power path to the portable equipment.

GFCI trip current dc detection shall be independent of the portable equipment’s safety
(green) wire.
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GFCI trip current ac detection shall be dependent on the portable equipment’s safety
(green) wire when the safety (green) wire is present.

GFCI will be designed to trip below the threshold of let—go based upon the 99.5 percentile
rank of adults. Nonportable utility outlets supplying power to portable equipment shall
include a GFCI with trip point characteristics such that tripping will not exceed the
currents specified in the profile shown in Figure 6.4.3-1.

GFCls shall remove power within 25.0 milliseconds upon encountering the fault current.

GFCI shall provide an on—orbit method for testing trip current detection threshold at dc
and a frequency within the maximum human sensitivity range of 15.0 to 70.0 Hertz.

6.4.3.17.1 GFCU - PORTABLE EQUIPMENT SOURCING VOLTAGE

A.

Portable equipment which generate internal voltages greater than 30.0 volts rms and have a
credible fault path or return path to a crewmember shall include GFCI protection for that
credible path.

GFCI will be designed to trip below the threshold of let—go based upon the 99.5 percentile
rank of adults. Portable equipment which source high voltages to secondary portable
equipment shall include GFCI(s) with trip point characteristics such that tripping will not
exceed the currents specified in the profile shown in Figure 6.4.3-1.

GFCls shall remove power within 25.0 milliseconds upon encountering the fault current.

GFCI shall provide an on—orbit method for testing trip current detection threshold at dc
and at a frequency within the maximum sensitivity range of 15.0 to 70.0 Hz.

6.4.3.18 LEAKAGE CURRENT DESIGN REQUIREMENTS

A.

Nonpatient equipment with internal voltages not exceeding 30.0 volts rms and nonpatient
equipment incorporating three independent hazard controls (excluding nonpatient
equipment incorporating leakage current as a control) shall not be required to verify
leakage current design requirements.

For designs using leakage current as a control, verification of leakage current design
requirements shall be accomplished using the network shown in Figure 6.4.3.18-1.

The leakage current (milliamperes) shall be computed as the voltage (volts) measured
across the network in series with the grounding conductor (for chassis leakage current), or
in series with the crewmember connection lead (for ordinary patient connection leakage
current), divided by 1000.

For isolated patient connection lead leakage current, a noninductive, 1000 ohm resistor
shall replace the network shown in Figure 6.4.3.18-1 for this measurement.

6.4.3.18.1 CHASSIS LEAKAGE CURRENT

A.

B.

Crewmembers shall not be exposed to excessive levels of leakage current from direct or
indirect contact with electrically powered equipment.

Equipment qualification shall include verification of acceptable chassis leakage currents as
defined within 6.4.3.18.

Leakage current test procedures for dc powered equipment shall not include reversed
polarity input power tests.
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in circuit connection

0.15
microfarads ©
1000
ohms 10.2
ohms True rms
\oltmeter

in circuit connection

Notes:

(1) Resistors are noninductive

(2) \Voltmeter is a true rms type with frequency bandwidth appropriate for the frequengies
of the voltages being measured. \Voltmeter frequency bandwidth may be limited tp 20.0
MHz for equipment—under—test frequencies above 20.0 MHz.

FIGURE 6.4.3.18-1 LEAKAGE CURRENT VERIFICATION NETWORK

6.4.3.18.1.1 CHASSIS LEAKAGE CURRENT — NONPATIENT EQUIPMENT

A. The chassis leakage currents for nonpatient equipment shall not exceed the values shown
in Figure 6.4.3.18.1.1-1.

B. Leakage current shall not exceed 0.700 ma dc for grounded nonpatient equipment and not
exceed 0.350 ma dc for double—insulated nonpatient equipment.

Enclosure or Chassis

Grounded Double Insulated
dc ac ma dc ac ma
ma rms ma rms
0.700 0.500 0.350 0.250

FIGURE 6.4.3.18.1.1-1 NONPATIENT EQUIPMENT MAXIMUM CHASSI LEAKAGE

CURRENT
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6.4.3.18.1.2 CHASSIS LEAKAGE CURRENT — PATIENT CARE EQUIPMENT

A. The chassis leakage currents for patient care equipment shall not exceed the values shown
in Figure 6.4.3.18.1.2-1.

B. Leakage current shall not exceed 0.140 ma dc for grounded patient care equipment and not
exceed 0.070 ma dc for double—insulated patient care equipment.

PATIENT CONNECTION
Isolated (1) Ordinary
Patient dc ac ma dc ac ma
Interface ma rms ma rms
Invasive 0.014 0.010 Not Permitted
Noninvasive 0.070 (1) 0.050 (1) 0.070 0.050
ENCLOSURE OR CHASSIS
Grounded Double Insulated
Patient cd ac ma dc ac ma
Interface ma rms ma rms
Noninvasive ..140 ..100 0.070 0.050
Note:
(1) If equipment labeling indicates "isolated,” the maximum current is 0.014 ma dc/0.010
ma rms.

FIGURE 6.4.3.18.1.2-1 PATIENT CARE EQUIPMENT MAXIMUM LEAKAGE CURRENT

6.4.3.18.2 CREWMEMBER APPLIED CURRENT

A. Crewmembers shall not be exposed to excessive levels of leakage current from direct or
indirect contact with electrically powered equipment.

B. Equipment qualification shall include verification of acceptable patient connection leakage
currents as defined within 6.4.3.18.

C. Leakage current test procedures for dc powered equipment shall not include reversed
polarity input power tests.

D. The leakage currents for patient care equipment as seen from the patient end of cables or
terminals shall not exceed the values shown in Figure 6.4.3.18.2-1.

E. Leakage currents shall be tested:
(1) lead to ground
a. between each patient lead and ground, and
b.  between combined patient leads and ground; and
(2) between leads
a. between any pair of patient leads, and
b.  between any single patient lead and all other patient leads.
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6.4.3.18.2.1 LEAKAGE CURRENT — PATIENT CARE EQUIPMENT — PATIENT
CONNECTION - ISOLATED

A. Isolated, patient connected, patient care equipment leakage current shall not exceed 0.014
ma dc for isolated, patient connected, patient care equipment, such as intra—aortic pressure
monitors (i.e., invasive interface).

B. Isolated, patient connected, patient care equipment leakage current shall not exceed 0.070
ma dc for isolated, patient connected, patient care, equipment, such as muscle stimulators
utilizing attached body surface electrodes (i.e., noninvasive interface) provided that
equipment labeling does not indicate the equipment is isolated.

6.4.3.18.2.2 LEAKAGE CURRENT — PATIENT CARE EQUIPMENT — PATIENT
CONNECTION — ORDINARY

Ordinary, patient connected, patient care equipment leakage current shall not exceed 0.070 ma dc
for ordinary, patient connected, patient care equipment, such as blood pressure cuffs,
thermometers, and limb muscle stimulators.

6.4.3.18.2.3 HEALTH MAINTENANCE SYSTEM INSTRUMENTATION GROUNDING

A. Any two exposed conductive surfaces in the instrumented crewmember’s vicinity shall not
exceed a 40.0 millivolt potential difference at frequencies up to 1000 Hertz or less
measured across a 1000 ohm resistor.

B. Conductive surfaces which can be contacted by an attending crewmember while the
attending crewmember is in contact with the instrumented crewmember shall be
considered as within the crewmember’s vicinity.

6.4.3.18.2.4 COUNTERMEASURE SYSTEM

A. Any two exposed conductive surfaces in the instrumented crewmember’s vicinity shall not
exceed a 40.0 millivolt potential difference at frequencies up to 1000 Hertz or less
measured across a 1000 ohm resistor.

B. Conductive surfaces which can be contacted by an attending crewmember while the
attending crewmember is in contact with the instrumented crewmember shall be
considered as within the crewmember’s vicinity.

6.4.3.18.2.5 AMBULATORY CREWMEMBER INSTRUMENTATION

While attached to an ambulatory crewmember, electrically powered medical instrumentation
shall be:

A. Battery powered,

B Double insulated,

C. Electrically isolated from ground, and
D

Not connected to vehicle power (e.g., charging).
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6.4.3.19 BIOINSTRUMENTATION SYSTEM MICROSHOCK PROTECTION

A.  All bioinstrumentation systems shall be designed with sufficient series resistance/isolation
to limit to safe levels electrical shock currents that could flow through an instrumented
crewmember including as the result of:

(1) contact with available electric sources, including those sources applied by an
attending crewmember’s simultaneous contact with the instrumented crewmember
and other equipment or ground, and

(2) transients that may occur when the bioinstrumentation is either energized (turned
ON) or de—energized (turned OFF).

B. Bioinstrumentation shall be designed with fault tolerant protection to prevent exceeding
the current limit requirements defined within Figure 6.4.3.19-1.

Classification

Number of Faults

Maximum Current (ma dc/rmg

Invasive 0 0.014/0.010
(reference 6.4.3.18.2.1) 1 0.014/0.010
2 0.020/0.020

Noninvasive 0 0.070/0.050
(reference 6.4.3.18.2.2) 1 0.140/0.100
2 0.500/0.500

FIGURE 6.4.3.19-1 MAXIMUM PERMISSABLE BIOINSTRUMENTATION FAULT

CURRENT

6.4.3.20 POWER DRIVEN EQUIPMENT CONTROL REQUIREMENTS

N—r

If a risk of injury to a crewmember or damage to equipment can result from the motion of power

driven equipment:

A. The controls for that mechanism shall be of a reversible type and not continue operation of
the moving part in the same direction when a switch readily accessible to that crewmember
IS activated to initiate operation in the other direction, or

B. The power driven equipment shall be mechanically constructed such that the injurous
forces are immediately removed by activation of a switch readily accessible to that

crewmember.

6.5 TOUCH TEMPERATURE

6.5.1 INTRODUCTION

This paragraph is not applicable for this document.

6.5.2 TOUCH TEMPERATURE DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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6.5.3 TOUCH TEMPERATURE DESIGN REQUIREMENTS

The following apply to IVA surface touch temperature design requirements:
A. Deleted.

B. Continuous contact — high temperature —

Surfaces which are subject to continuous contact with crewmember bare skin and whose
temperature exceeds 113.0 degrees Fahrenheit, shall be provided with guards or insulation
to prevent crewmember contact.

C. Incidental or momentary contact — high temperature —
For incidental or momentary contact, the following apply:

(1) Surfaces which are subject to incidental or momentary contact with crewmember
bare skin and whose temperatures are between 113.0 and 122.0 degrees Fahrenheit
shall have warning labels that will alert crewmembers to the temperature levels.

(2) Surface temperatures which exceed 122.0 degrees Fahrenheit shall be provided with
guards or insulation that prevent crewmember contact.

D. Internal volume low touch temperature —

When surfaces below 39.0 degrees Fahrenheit which are subject to continuous or
incidental contact, are exposed to crewmember bare skin contact, protective equipment
shall be provided to the crew and warning labels be provided at the surface site.

6.6 FIRE PROTECTION AND CONTROL

6.6.1 INTRODUCTION

This paragraph is not applicable for this document.

6.6.2 FIRE PROTECTION AND CONTROL DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
6.6.3 FIRE PROTECTION AND CONTROL DESIGN REQUIREMENTS
6.6.3.1 GENERAL REQUIREMENTS

6.6.3.1.1 FIRE PROTECTION SYSTEM

A fire protection system comprising detection, warning, location, and extinguishing devices shall
be provided during all mission phases.

6.6.3.1.2 MATERIAL SELECTION

Only fire—retardant materials shall be used.
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6.6.3.2 DETECTION

6.6.3.2.1 WARNING SYSTEM

The fire detection system shall provide signals to the vehicle warning system.

6.6.3.2.2 RESET AND SELF-TEST

The detection system shall have reset and self—test capabilities.

6.6.3.2.3 SENSOR REPLACEMENT

All sensors shall be replaceable and accessible.

6.6.3.3 WARNING SYSTEM

A.

The caution and warning system shall include a fire warning system to alert the crew in
case of afire.

The fire warning system shall be capable of operating independently.
Warnings shall be both visual and auditory.

The visual fire warning display shall be aviation red in accordance with MIL-C-25050.

6.6.3.4 EXTINGUISHING

A.
B.

Deleted.

Design of the Space Station and its components shall provide for access with fire fighting
equipment.

Chemical agents used for fire extinguishing shall be compatible with the toxicity
requirements of space station.

Portable fire extinguishers shall be provided for both open areas and enclosed areas.

Capability for removal of expended fire extinguishing material during post—fire cleanup
shall be provided.

Automatic extinguishing systems shall incorporate a disabling feature to prevent
inadvertent activation during servicing.
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7.0 HEALTH MANAGEMENT

7.1 INTRODUCTION

The Space Station will provide the on—orbit medical capabilities necessary to maintain crew
health, safety, and productivity. Capabilities will be provided to monitor, treat, and maintain the
health of the crew through preventive, diagnostic, and therapeutic care, and to stabilize for
transport a crewmember with an illness or injury not treatable on the Space Station. Capabilities
will be provided to mitigate the deconditioning effects of a microgravity environment, to

perform periodic fithess evaluations, and to perform physiological monitoring. In addition,
capabilities will be provided to monitor internal and external radiation levels, air and water
guality and microbial surface contamination.

7.2 PREVENTIVE CARE

A. Health care capability shall be provided on board the Space Station.

B. This shall include scheduled routine medical examinations, physiological monitoring, and
periodic fitness evaluations.
7.2.1 INTRODUCTION

This paragraph is not applicable for this document.
7.2.2 NUTRITION

7.2.2.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.2.2 NUTRITION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
7.2.2.3 NUTRITION DESIGN REQUIREMENTS

7.2.2.3.1 FOOD DESIGN REQUIREMENTS
The food provided will meet the following requirements:
A.  Minimum Nutritional Requirements —
(1) The Space Station diet shall meet the nutritional standards as required by JSC 32283.

(2) Additional nutritional requirements are required for Extravehicular Activity (EVA)
as per body size, EVA tasks, and duration of EVA.

Foods and fluids shall be specifically allocated for this requirement per 14.2.3.3.

(3) Deleted.
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B.  Nutritional Program Monitoring —
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(1) An automated nutrient monitoring process shall be provided which meets the

nutrient monitoring requirements as specified in JSC 32283.

(2) Parameters required for medical or investigative purposes shall include

documenting:

a. which crewmember consumed the food,

b. amount of food consumed,

c. time and date of consumption, and

d. food item/lot number/serial number.

(3) Data shall be downlinked periodically for analysis and must provide information in

format acceptable for post flight analysis.

d. Air

1 sample of 0.282 R1(10 )

C. Deleted.
D. Microbiology — Microbiological acceptability limits shall be as given in Figure
7.2.2.3.1-1.
Area/ltem Microorganism Tolerances
1. Food Production Area Samples Collected (1) Limits (CFU) (2)
a. Surfaces 3 surfaces sampled per day </= 3/cn?
b. Packaging Film Before use </= 3/cn?
c. Food Processing Equipment 2 pieces sampled per day </= 3/cn?

< 13/320 liters

2. Food Production Area

Factor

Limits (CFU) (2)

a. Nonthermostabilized

Total aerobic count
Escherichia coli

Coagulase positive
Staphylococci

Salmonella

Clostridium
Perfringens

Yeast and molds

</=10,000/gm
< 1l/gm

< 1/5gm
< 1/25gm

</=100/gm
</=100/gm

Notes:

(1) Sample collected only on days that food facility is in operation.

(2) Total aerobic count.

FIGURE 7.2.2.3.1-1 MICROBIOLOGY CONTAMINATION CONTROL SPECIFICATION

FOR CREW FOOD
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7.2.2.3.2 POTABLE WATER DESIGN REQUIREMENTS
A. Quality — The potable water quality requirements shall be per Figure 7.2.2.3.2-1.

QUALITY PARAMETERS POTABLE
PHYSICAL PARAMETERS
Total Solids (mg/1) 100
Color, true (Pt/Co units) 15
Taste (TNN) 3
Odor (TON) 3
Particulates (max size—microns) 40
pH 6.0-8.5
Turbidity (NTU) 1
Dissolved Gas (free @ 37 deg C) Q)
Free Gases (@ STP) Q)
INORGANIC CONSTITUENTS (mg/l) (7)(10)
Ammonia 0.5
Arsenic 0.01
Barium 1.0
Cadmium 0.005
Calcium 30
Chlorine (Total-Includes chloride) 200
Chromium 0.05
Copper 1.0
lodine (Total-Includes organic iodine and iodide) 15
Iron 0.3
Lead 0.05
Magnesium 50
Manganese 0.05
Mercury 0.002
Nickel 0.05
Nitrate (NG;—N) 10
Potassium 340
Selenium 0.01
Silver 0.05
Sulfate 250
Sulfide 0.05
Zinc 5.0
BACTERICIDE (mg/l)
Residual lodine (minimum) 1.0
Residual lodine (maximum) 4.0
AESTHETICS (mg/1)
Cations 30
Anions 30
Carbon Dioxide 15

FIGURE 7.2.2.3.2-1 POTABLE WATER QUALITY REQUIREMENTS (MAXIMUM

CONTAMINATION LEVELS) (PAGE 1 OF 2)




SSP 50005C 15 December 1999

QUALITY PARAMETERS POTABLE
MICROBIAL
Total Count, CFU/100 ml 100 (6)
Bacteria (2)/Fungi (3)
Total Coliforn{®) Nondetectable (8)
Virus Nondetectable (5)
RADIOACTIVE CONSTITUENTS (pCi/1) (8)
ORGANIC PARAMETERS (ug/1) (7)
Total Acids 500
Cyanide 200
Halogenated Hydrocarbons 10
Total Phenois 1
Total Alcohols 500
Total Organic Carbon (TOC) 500
Uncharacteristic TOC (UTOC) (9) 100
ORGANIC CONSTITUENTS (mg/l) (7)(10)
Notes:
(1) No detectable gas using volumetric gas versus fluid measurement system. Excludes carb
dioxide used for aesthetic purposes.
(2) Incubation time: 48 hours; Temperature: 30 degrees C; Media: R2A
(3) Incubation time: 48 hours; Temperature: 30 degrees C; Media: DG-18
(4) Incubation time: 24 hours; Temperature: 35 degrees C; Media: M—Endo
(5) Tissue culture assay
(6) Membrane Filtration Method
(7) Each parameter/constituent must be considered individually and independently of others.
(8) The maximum contaminant levels for radioactive constituents in potable and personal hygi
water shall conform to Nuclear Regulatory Commission regulations (L0CFR20 et al.). The
maximum contaminant levels are listed in the Federal Register, Vol 51, No. 6, 1986, appen
as Table 2 (Reference Level Concentrations), Column 2 (Water). Control/containment/mon
of radioactive constituents used on Space Station shall be the responsibility of the user. P
the introduction of any radioactive constituents on Space Station approval shall be obtaine
the Radiation Constraints Panel (RCP). The RCP will approve or disapproval proposed
monitoring and decontamination procedures on a case—by—case basis.
(9) UTOC equals TOC minus the sum of analyzed organic constituents expressed in equivale
(10) Inthe event a quality parameter not listed in this table is projected, or found, to be present

reclaimed water, the Water Quality Manager/JSC shall be contacted for a determination of
MCL for that parameter.
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FIGURE 7.2.2.3.2-1 POTABLE WATER QUALITY REQUIREMENTS (MAXIMUM
CONTAMINATION LEVELS) (PAGE 2 OF 2)
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B. Quantity — The supply of water for drinking and hydration of food shall be per Figure

7.2.2.3.2-2.
Mode
Units Operational 90 Day Degraded (1 Emergency (3)
Ib/person—day (2) 6.26 to 11.35 6.26 6.26
kg/person—day 2.84105.16 2.84 2.84
Notes:
(1) Degraded levels meet "fail operational criteria.”

(2) Based on 2950 kcal/person—day IVA work rate. Actual amount depends on degree of hydration of the food.
(3) Safe Haven conditions shall be maintainable for up to 45 days.

FIGURE 7.2.2.3.2-2 POTABLE WATER QUANTITY REQUIREMENTS

C. Temperature — Drinking water temperatures shall be as follows:

(1) Cold Water — Cold water temperature shall be 1.6 degrees to 7.2 degrees C (35.0
degrees to 45.0 degrees F).

(2) Ambient Water — Ambient water temperature shall be 15.5 degrees to 26.7 degrees C
(60.0 degrees to 80.0 degrees F).

(3) Hot Water — Means shall be provided for heating water up to 68.0 degrees +/— 2.8
degrees C (155 degrees +/— 5.0 degrees F).

7.2.3 MICROGRAVITY COUNTERMEASURES

7.2.3.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.3.2 MICROGRAVITY COUNTERMEASURES DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
7.2.3.3 EXERCISE COUNTERMEASURES

7.2.3.3.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.3.3.2 EXERCISE COUNTERMEASURES DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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7.2.3.3.3 EXERCISE COUNTERMEASURES DESIGN REQUIREMENTS

Exercise countermeasure requirements shall apply to space missions that expose crewmembers
to microgravity conditions for longer than 10 days.

The following are the exercise countermeasure design requirements:

A.

Types of Exercise — Space station shall provide facilities for the following types of

exercise:

(1) Equipment for placing isokinetic, isotonic, and isometric force upon the major
muscle groups of the body shall be provided in order to mitigate “disuse atrophy”
caused by microgravity.

(2) Devices for exercising the cardiorespiratory system as a countermeasure to
cardiovascular deconditioning shall be provided.

Duration of Exercise — Facilities shall be provided for establishing and updating
individualized exercise prescriptions and goals for each crewmember.

Exercise Prescription — Capability shall be provided for establishing and updating
individualized exercise regimens and goals for each crewmember.

Deleted.

Data Monitoring of Microgravity Countermeasures —

(1) The capability shall be provided to monitor control devices and physiological
parameters during microgravity countermeasures, store the data, and downlink this
information to Earth.

(2) The following physiological parameters shall be monitored:

a. Routine Monitoring

1)
2)
3)

Heart Rate
Duration of Exercise Period

Power Output from Instrumented Exercise Device

b.  Periodic Monitoring

1)
2)
3)
4)
5)

Electrocardiogram

Blood Pressure

Maximal and Submaximal Expired Gases
Muscle Performance

Body Mass Measurement
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7.2.3.4 NONEXERCISE COUNTERMEASURES

7.2.3.4.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.3.4.2 NONEXERCISE COUNTERMEASURES DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

7.2.3.4.3 NONEXERCISE COUNTERMEASURES DESIGN REQUIREMENTS

7.2.4 SLEEP

7.2.4.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.4.2 SLEEP DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

7.2.4.3 SLEEP DESIGN REQUIREMENTS

The following are design requirements for crew sleep:

A. Facilities — Sleep facilities shall be provided (see 10.4 for sleep facility design
requirements).

B. Deleted.

C. Pharmaceuticals — Sleep aid medication shall be made available to crewmembers.

7.2.5 PERSONAL HYGIENE

7.2.5.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.5.2 PERSONAL HYGIENE DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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7.2.5.3 PERSONAL HYGIENE DESIGN REQUIREMENTS

7.2.5.3.1 BODY GROOMING DESIGN REQUIREMENTS

The following body grooming measures shall be provided in Space Station:

A.

m o O W

Skin Care — The capability shall be provided for crewmembers to condition their skin to
prevent drying and/or cracking.

Shaving — Provisions shall be made for crewmembers to shave body hair.
Hair Grooming — Provisions shall be made for crewmembers to cut hair.
Nail Care — Provisions shall be made for crewmembers to maintain nails.

Body Deodorant — Deodorant products shall be provided for crewmembers to control body
odor.

Menstruation — Provisions shall be provided for the collection and disposal of menstrual
discharge.

7.2.5.3.2 PARTIAL BODY CLEANING DESIGN REQUIREMENTS

The capability shall be provided for crewmembers to perform selected body area cleansing as
needed.

7.2.5.3.3 ORAL HYGIENE DESIGN REQUIREMENTS

A.

B.

The capability shall be provided for crewmembers to maintain oral hygiene, including
tooth, mouth, and gum care.

Water for oral hygiene shall meet potable water quality standards.

7.2.5.3.4 WHOLE BODY CLEANING DESIGN REQUIREMENTS

The capability shall be provided for crewmembers to perform whole body skin and hair
cleansing.

7.2.5.3.5 PERSONAL CLOTHING AND EQUIPMENT CLEANING DESIGN REQUIREMENTS

The capability shall be provided to supply each crewmember with clean clothing and other
washables, including bedding and linens, over the duration of the mission.
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7.2.5.3.6 PERSONAL HYGIENE WATER DESIGN REQUIREMENTS

Personal hygiene water is that water which is used for external body cleansing. Personal hygiene
water requirements are listed below:

A. Quality — Personal hygiene water quality requirements shall be per Figure 7.2.5.3.6-1.

QUALITY PARAMETERS | POTABLE
PHYSICAL PARAMETERS
Total Solids (mg/1) 500
Color, true (Pt/Co units) 15
Taste (TTN) NA
Odor (TON) 3
Particulates (max size—microns) 40
pH 5.0-8.5
Turbidity (NTU) 1
Dissolved Gas (free @ 37 deg C) NA
Free Gases (@ STP) Q)
INORGANIC CONSTITUENTS (mg/l) (7)(10)
Ammonia 0.5
Arsenic 0.01
Barium 1.0
Cadmium 0.005
Calcium 30
Chlorine (Total-Includes chloride) 200
Chromium 0.05
Copper 1.0
lodine (Total-Includes organic iodine) 15
Iron 0.3
Lead 0.05
Magnesium 50
Manganese 0.05
Mercury 0.002
Nickel 0.05
Nitrate (NG;—N) 10
Potassium 340
Selenium 0.01
Silver 0.05
Sulfate 250
Sulfide 0.05
Zinc 5.0
BACTERICIDE (mg/l)
Residual lodine (minimum) 1.0
Residual lodine (maximum) 6.0

FIGURE 7.2.5.3.6-1 HYGIENE WATER QUALITY REQUIREMENTS (MAXIMUM
CONTAMINATION LEVELS) (PAGE 1 OF 2)
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QUALITY PARAMETERS POTABLE

AESTHETICS (mg/1)

Cations NA

Anions NA

Carbon Dioxide NA
MICROBIAL

Total Count, CFU/100 mi 100 (8)

Bacteria (4)/Fungi (5)

Total Coliform (6) Nondetectable (8)

Virus Nondetectable (7)
RADIOACTIVE CONSTITUENTS (pCi/l) (10)
ORGANIC PARAMETERS (ug/1) (9)

Total Acids 500

Cyanide 200

Halogenated Hydrocarbons 10

Total Phenois 1

Total Alcohols 500

Total Organic Carbon (TOC) 10,000

Uncharacteristic TOC (UTOC) (11) 1,000
ORGANIC CONSTITUENTS (mg/l) (9)(12)
Notes:
(1) No detectable gas using volumetric gas versus fluid measurement system. Excludes carb

(9)
(10)

dioxide used for aesthetic purposes.

Incubation time: 48 hours; Temperature: 30 degrees C; Media: R2A

Incubation time: 48 hours; Temperature: 30 degrees C; Media: DG-18.

Incubation time: 24 hours; Temperature: 35 degrees C; Media: M—Endo.

Tissue culture assay.

Membrane Filtration Method.

Each parameter/constituent must be considered individually and independently of others.
The maximum contaminant levels for radioactive constituents in potable and personal hygi
water shall conform to Nuclear Regulatory Commission regulations (LOCFR20 et al.). The
maximum contaminant levels are listed in the Federal Register, Vol 51, No. 6, 1986, appen
as Table 2 (Reference Level Concentrations), Column 2 (Water) Control/containment/moni
of radioactive constituents used on Space Station shall be the responsibility of the user. P
the introduction of any radioactive constituents on Space Station approval shall be obtaine
the RCP. The RCP will approve or disapproval proposed monitoring and decontamination
procedures on a case—by—case basis.

UTOC equals TOC minus the sum of analyzed organic constituents expressed in equivale
In the event a quality parameter not listed in this table is projected, or found, to be present
reclaimed water, the Water Quality Manager/JSC shall be contacted for a determination of
MCL for that parameter.
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FIGURE 7.2.5.3.6-1 HYGIENE WATER QUALITY REQUIREMENTS (MAXIMUM
CONTAMINATION LEVELS) (PAGE 2 OF 2)
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B. Quantity — Personal hygiene water quantity requirements shall be per Figure 7.2.5.3.6-2.

Mode
Units Operational 90 Day Degraded (1) Emergency (3)
Ib/person—day 51.5t0 64.5 (2) 12.0 TBD
kg/person—day 23.41029.3 5.44 TBD

Notes:

(1) Degraded levels meet "fail operational criteria.”

(2) Based on 5.4 kg (12 Ib) minimum capacity for hygiene and 11.3 kg (23 Ib) used in a 90 day chambef test.
Includes laundry 12.5 kg/person—day (27.5 Ib/person—day) and dishwashing 5.4 kg/person—day (12
Ib/person—day) quantities.

(3) Safe Haven conditions shall be maintainable for up to 45 days.

(4) Based on 5.4 kg/person—day (12 Ib/person—day) capacity for hygiene and 1.8 kg/person—day (4
Ib/person—day) for laundry.

(5) Based on 5.4 kg/person—day (12 Ib/person—day) for minimum capacity for hygiene use.

FIGURE 7.2.5.3.6-2 PERSONAL HYGIENE WATER QUANTITY REQUIREMENTS

C. Temperature—Adjustable range from 21 +/— 4 degrees C (70 +/— 10 degrees F) to a
maximum of 45 degrees C (113 degrees F).

7.2.6 PRE/POST MISSION HEALTH MANAGEMENT

This paragraph is not applicable for this document.
7.2.7 ROUTINE HEALTH MONITORING

7.2.7.1 INTRODUCTION

This paragraph is not applicable for this document.

7.2.7.2 ROUTINE HEALTH MONITORING DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
7.2.7.3 ROUTINE HEALTH MONITORING DESIGN REQUIREMENTS

7.2.7.3.1 ROUTINE CREW HEALTH MONITORING DESIGN REQUIREMENTS
The Space Station will have the following routine crew health monitoring capabilities:

A. Routine Diagnostic Physical Examination — The capability for conducting routine
diagnostic physical examination of the crewmembers shall be provided.

B. Monitoring During Exercise — Requirements for physiological monitoring of the
crewmember during exercise are defined in 7.2.3.3.3, Item E.

C. Deleted.
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7.2.7.3.2 WATER QUALITY MONITORING DESIGN REQUIREMENTS

The following water quality monitoring requirements apply to all Space Station water that comes
into direct contact with personnel (through ingestion, personal hygiene, housekeeping, etc.).

7.2.7.3.2.1 WATER QUALITY MONITORING SCHEDULE DESIGN REQUIREMENTS

Water quality shall be monitored according to the schedule shown in Figure 7.2.7.3.2.1-1.

ON-LINE (1) OFF-LINE (2)
PARAMETER POT POT HYG

PHYSICAL

Total Solids - - -

Color - ¥ +

Conductivity X X X

Taste and Odor - + +

Particulates - + +

pH X X X

Temperature X - -

Turbidity - + +

Dissolved Gas — + -

Free Gas - + _
INORGANICS

Ammonia - + +

lodine X X X

Specific Contributors (3) - + +
AESTHETICS

Specific Contributoré) - + +
MICROBIAL

Total Count

Bacteria/Fungi - X X

Total Coliform - X X

Virus - - -

Microbe ID (3) - X X
RADIONUCLIDES (6)
ORGANICS

TOC X() X X

Specific Organics (3) - + +

FIGURE 7.2.7.3.2.1-1 WATER MONITORING REQUIREMENTS (PAGE 1 OF 2)
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X

Notes:

Denotes that monitoring is required.
Denotes that monitoring is not required.

+ Denotes that this monitoring requirement will be waived if verification testing and analysis indicate that the
respective quality parameter limit will be reliably met.

(1) Analysis of these process stream samples will be performed to provide real-time or near realttime
results for process control and presumptive water quality assessment. Requirements for on—line
monitoring of additional parameters will be established if verification testing and analysis indigates
that such monitoring is required for process control or water quality assessment.

(2) In addition to the on—line and off-line analyses, grab samples from the water systems will be
obtained for ground, post—mission analysis.

(3) Specification of organic and inorganic elements and compounds to be monitored will be basefl on the
potential for these elements and compounds being present in the product water and their toxigity. In
the event a parameter not listed in this table is projected, or found, to be present in the reclaimed
water, the Water Quality Manager/JSC will be contacted for a determination of the monitoring
requirements.

(4) Selection will be based on determination of critical aesthetic parameters.

(5) This does not include identification of viruses.

(6) Inflight monitoring capability will be provided by the specific experiment or procedure utilizing
radionuclides.

(7) Analytical procedure may provide an indirect equivalent of classical TOC.

FIGURE 7.2.7.3.2.1-1 WATER MONITORING REQUIREMENTS (PAGE 2 OF 2)

7.2.7.3.2.2 TOXICOLOGICAL MONITORING DESIGN REQUIREMENTS

The following requirements apply to monitoring of toxicological qualities of water:

A.

Definition of Contaminants —

(1) A pre—operational assessment shall be made of the contaminants in the Space Station

reclaimed water.

(2) Requirements for toxicological monitoring both off—line and ground based (post

mission) (See Figure 7.2.7.3.2.1-1) shall be based on the results of this assessment.

Direct Measurement — Organics and inorganics specified in Figures 7.2.2.3.2-1 and
7.2.5.3.6-1 shall be monitored directly (not through a surrogate).

Exposure Limits — Exposure limits shall be established for organics and inorganics on
individual basis.

7.2.7.3.2.3 MICROBIOLOGICAL MONITORING & TREATMENT DESIGN REQUIREMENTS

an

The following requirements apply to monitoring and treatment of microbiological qualities of

water:

A. Determination of Potability — Capability shall be provided to support real-time decisions
on water potability if organisms are detected.

B. Sampling Technique — Water sampling techniques shall preclude contamination by the
operator during sampling.

C. lodine — lodine shall be used as the primary agent to maintain water microbiological

quality.
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D. Alternative Microbial Control — On long—term missions when there is a potential for
development of organisms resistant to iodine, an alternative microbial control technique
shall be provided.

E. Recovery from Microbial Overgrowth — Provisions shall be made to recover potable and
hygiene water microbial control in the event of overgrowth using processes that will not
degrade the quality of water with respect to other parameters.

7.2.7.3.2.4 PHYSICAL MONITORING DESIGN REQUIREMENTS

Equipment shall be provided to meet the physical and aesthetic water quality monitoring

requirements identified in Figure 7.2.7.3.2.1-1.

7.2.7.3.3 ENVIRONMENTAL MONITORING DESIGN REQUIREMENTS

Space Station will have the following environmental monitoring capabilities:

A. Deleted.

B. Microbial Contaminants Monitoring —

(1) The capability to monitor, detect, differentiate, and warn the crew of microbial
contaminants in Space Station shall be provided.

(2) The capability to disinfect/sanitize contaminated areas/substances with an approved
nontoxic agent which can be accommodated by the Life Support System shall be
provided.

C. Chemical Contaminants Monitoring — The capability to detect, differentiate, and warn the
crew of chemical contaminants listed in Figure 5.1.3.2.1-1 in the Space Station by
real-time or near—real-time monitoring shall be provided.

D. Radiation Monitoring —

(1) Monitoring of real-time radiation levels, both internal and external to the Space
Station and the cumulative radiation exposures to the crew shall be provided.

(2) The capability shall be provided for qualitative characterization of the radiation
environment.

(3) The crewmembers shall be warned of excessive on—orbit radiation levels.

E. The capability to decontaminate contaminated areas shall be provided. See also 5.1.3.
7.2.8 BIOLOGICAL PAYLOADS
7.3 MEDICAL CARE

7.3.1 INTRODUCTION

This paragraph is not applicable for this document.

7.3.2 MEDICAL CARE DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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7.3.3 MEDICAL CARE DESIGN REQUIREMENTS

7.3.3.1 GENERAL DESIGN REQUIREMENTS

The Space Station shall have a Health Maintenance System (HMS) that provides preventive,
diagnostic, and therapeutic medical capabilities.

7.3.3.2 PREVENTION DESIGN REQUIREMENTS

The HMS shall be capable of providing preventive medical care as defined in 7.2.7.3.1.

7.3.3.3 DIAGNOSIS DESIGN REQUIREMENTS

The HMS shall be capable of diagnosing identified illnesses and injuries, assessing their degree
and severity, and tracking the overall health status of ill or injured crewmembers.

7.3.3.4 TREATMENT (THERAPEUTICS) DESIGN REQUIREMENTS

The HMS shall be capable of the following therapeutic measures:

A. Treatment — The system shall provide the capability to treat a crewmember for identified
illnesses and injuries.

B. Stabilization — In the event an illness or injury is not treatable at the Space Station, the
HMS shall provide the capability to stabilize the crewmember until transportation to an
appropriate facility is available.

C. Handling a Deceased Crewmember — In the event of a crewmember death, the HMS shall
provide the capability to handle the deceased crewmember.

D. Space Motion Sickness — The HMS shall provide prophylactic medication for the
treatment of Space Motion Sickness.
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8.0 ARCHITECTURE

8.1 INTRODUCTION

This paragraph is not applicable for this document.

8.2 OVERALL ARCHITECTURAL CONSIDERATIONS AND REQUIREMENTS

8.2.1 INTRODUCTION

This paragraph is not applicable for this document.

8.2.2 OVERALL ARCHITECTURAL DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

8.2.3 OVERALL ARCHITECTURAL DESIGN REQUIREMENTS

8.2.3.1 CREW STATION ARRANGEMENT AND GROUPING DESIGN REQUIREMENTS

Crew stations within the Space Station shall be arranged and grouped to accomplish the
following:

A. Activity Level Accommodation — Each crew station shall be sufficiently large to
accommodate the anticipated crew and their activity level.

Deleted.
C. Crew Station Accessibility —
(1) Crew stations shall be accessible

(2) Stations that perform related functions shall be adjacent to each other.

8.2.3.2 DEDICATED VS. MULTIPURPOSE SPACE UTILIZATION DESIGN REQUIREMENTS

The interior accommodations will be designed so that multipurpose utilization of the space meets
the following requirements:

A. Compatibility of Activities Within Crew Stations — Activities that occur within the same
crew station shall not interfere with each other.

B. Deleted.

8.3 CREW STATION ADJACENCIES

This paragraph is not applicable for this document.
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8.4 COMPARTMENT AND WORKSPACE ORIENTATION

8.4.1 INTRODUCTION

This paragraph is not applicable for this document.

8.4.2 ORIENTATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

8.4.3 ORIENTATION DESIGN REQUIREMENTS
The following are design requirements for establishing an orientation within the Space Station:

A. Consistent Orientation — Each crew station shall have a local vertical (a consistent
arrangement of vertical cues within a given visual field) so that the vertical orientation
within a specific work station or activity center remains consistent.

B. Visual Orientation Cue —

(1) A visual cue shall be provided to allow the crewmember to adjust to the orientation
of the activity center or workstation.

(2) Such cues shall provide left—right orientation references.

C. Separation — When adjacent workstations or activity centers have vertical orientations
differing by 90 degrees or more, then demarcations shall separate the two areas.

8.5 LOCATION CODING

8.5.1 INTRODUCTION

This paragraph is not applicable for this document.

8.5.2 LOCATION CODING DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
8.5.3 LOCATION CODING DESIGN REQUIREMENTS

8.5.3.1 ALPHANUMERIC CODING DESIGN REQUIREMENTS

An alphanumeric location coding system shall be in accordance with SSP 30575.

Deleted.
B. Deleted.
C. Deleted.
D. Deleted.
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8.5.3.2 DIRECTIONAL DESIGNATION DESIGN REQUIREMENTS

A consistent directional orientation shall be established for the entire Space Station.
The following directional designation terms will apply to the Space Station:

A. Deleted.

B. Deleted.

C. Deleted.

8.5.3.3 LOCATION AND ORIENTATION BY COLOR CODING DESIGN REQUIREMENTS

Interior colors shall be selected in accordance with SSP 50008.

8.5.3.4 LOCATION CODING WITH PLACARDS DESIGN REQUIREMENTS

Visual markings and other cues will provide the crew with directional and spatial orientation.
The specific requirements for location of coding placards are as follows:

A. Deleted.

B. Placards on Movable Items — Movable items and their stowage locations shall be labeled to
ensure the item is returned to the proper location after use.

C. Markings — Detailed requirements for labels, placard format, and markings are contained
in 9.5.
8.6 ENVELOPE GEOMETRY FOR CREW FUNCTIONS

8.6.1 INTRODUCTION

This paragraph is not applicable for this document.

8.6.2 ENVELOPE GEOMETRY DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
8.6.3 ENVELOPE GEOMETRY DESIGN REQUIREMENTS

8.6.3.1 CREW STATION BODY ENVELOPE DESIGN REQUIREMENTS
The following are requirements for crew station body envelope geometry:
A. Adequate Volume —

(1) Crew station volume shall be provided for the crew to perform their tasks and
activities.

(2) The volume shall also accommodate tools and equipment used in the task.
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B. Accessibility — The geometric arrangement of crew stations shall provide ingress and
egress envelopes for all functions within the station.

C. Full Size Range Accommodation — All workstations shall be sized to meet the functional
reach limits for the 5th percentile of the design population and yet not constrict or confine
the body envelope for the 95th percentile of the design population.

8.6.3.2 DELETED

8.7 TRAFFIC FLOW

8.7.1 INTRODUCTION

This paragraph is not applicable for this document.

8.7.2 TRAFFIC FLOW DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
8.7.3 TRAFFIC FLOW DESIGN REQUIREMENTS
8.7.3.1 DELETED

8.7.3.2 DELETED

8.7.3.3 DELETED

8.7.3.4 EMERGENCY AND ESCAPE ROUTE DESIGN REQUIREMENTS

The design for traffic flow will take into account the possibility of a module or subsystem failure
or damage that could require emergency egress or temporary isolation. Specifically, the
following requirements will apply:

A. Deleted.
B. Protection of Entry/Exit Path —

(1) Provisions shall be made to ensure that compartment and pressurized element
entry/exit paths are unimpeded.

(2) Translation paths shall not be impassable, per Figure 8.8.3.1-1.

C. Escape Routes and Isolation Areas — Crewmembers shall be provided with safe emergency
IVA egress routes or the capability to isolate themselves when a hazardous condition
occurs.

D. Deleted.
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8.8 TRANSLATION PATHS

8.8.1 INTRODUCTION

This paragraph is not applicable for this document.

8.8.2 TRANSLATION PATH DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
8.8.3 TRANSLATION PATH DESIGN REQUIREMENTS

8.8.3.1 MINIMUM TRANSLATION PATH DIMENSIONS DESIGN REQUIREMENTS

Minimum cross sectional dimensions of microgravity translation paths for one crewmember in
light clothing shall be as shown in Figure 8.8.3.1-1.

8.8.3.2 CLEARANCES DESIGN REQUIREMENTS

Minimum interior cross section dimensions of 50.0 inches shall be maintained to support
equipment translation.

8.8.3.3 TRANSLATION PATH OBSTRUCTIONS AND HAZARDS DESIGN REQUIREMENTS

The following translation path obstructions and hazards requirements will apply:

A. Rounded corners, protective covers, and smooth surfaces shall be provided per 6.3.3.

B. Damage to Nearby Equipment — Equipment exposed to the translation path shall be
designed to withstand a design load of 556 N (125.0 Ibf) and a minimum ultimate load of
778 N (175.0 Ibf).

C. Deleted.

D. Obstructions and Entanglements — The translation path shall be free of cables, hoses, and
wires.

8.8.3.4 MARKING OF TRANSLATION PATHS DESIGN REQUIREMENTS

Emergency translation paths shall be marked in accordance with MIL-A-25165.
8.9 MOBILITY AIDS AND RESTRAINTS ARCHITECTURAL INTEGRATION

8.9.1 INTRODUCTION

This paragraph is not applicable for this document.

8.9.2 MOBILITY AIDS AND RESTRAINTS INTEGRATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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FIGURE 8.8.3.1-1 MINIMUM TRANSLATION PATH DIMENSIONS FOR MICROGRAVITY,

ONE CREWMEMBER IN LIGHT CLOTHING
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8.9.3 MOBILITY AIDS AND RESTRAINTS DESIGN REQUIREMENTS

8.9.3.1 IVA MOBILITY AID LOCATIONS DESIGN REQUIREMENTS

Fixed or portable IVA mobility aids shall be provided at the following locations:

A.

Crew stations — Mobility aids shall be placed around workstations, access hatches, doors,
windows, and pressure hatches.

Terminal and Direction Change Points — Mobility aids shall be located at designated
terminal points and direction change points on established crew translation paths.

Deleted.
Deleted.

Contingency IVA Operations by EVA—suited crewmember — Crew mobility aid provisions
shall be made for contingency EVA-suited operations.

Hazard Protection — Translation and mobility aids shall be located only where the
crewmember is protected from identified hazards.

Orientation — The orientation and locations of translation and mobility handholds shall be
consistent with the local vertical orientation of the module or crew station.

8.9.3.2 IVA RESTRAINT LOCATIONS DESIGN REQUIREMENTS

IVA crew restraints shall be provided at the following locations:

A.

Areas Requiring High Force Application — Restraints shall be provided at identified
locations where crewmembers are expected to exert forces which cause the body to move
in reaction.

Health Maintenance Facility — Patient restraints shall be provided at the health
maintenance facility.

Crew Stations — Personnel restraints shall be provided at crew stations.
Deleted.
Deleted.

8.10 HATCHES AND DOORS

8.10.1 INTRODUCTION

This paragraph is not applicable for this document.

8.10.2 HATCHES AND DOORS DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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8.10.3 HATCH AND DOOR DESIGN REQUIREMENTS

8.10.3.1 LOCATION DESIGN REQUIREMENTS

Hatches and doors shall meet the following location requirements:

A.

Internal Door Placement —
(1) Enclosed crew stations shall have entrances.
(2) Crew station compartment doors shall not open into aisle way.

Deleted.
Deleted.

External Pressure Hatches — Hatches opening directly to space vacuum shall be inward
opening.

8.10.3.2 PRESSURE HATCH INDICATOR AND VISUAL DISPLAY DESIGN
REQUIREMENTS

Pressure hatch covers shall have the following:

A.

Visual Inspection of Hatch Security — A means shall be provided on both sides of the hatch
for visual safety check to ensure that access to an area at a different pressure level has been
secured.

Deleted.

Pressure Difference Indicators — Differential pressure hatches shall have pressure
difference indicators visible on both sides of the hatch.

Windows — Airlock hatches shall incorporate windows for visual observation of airlock
operations.

Operating Instructions — All pressure hatches shall display hatch operational procedures on
both sides of the hatch.

8.10.3.3 OPENING AND CLOSING MECHANISM DESIGN REQUIREMENTS

Personnel hatch and door opening and closing mechanisms will meet the following design
requirements:

A.
B.

Deleted.

EVA Operation — All opening/closing mechanisms shall be operable by a pressure—suited
crewmember.

Operation From Both Sides — Hatches shall be capable of being operated, locked, and
unlocked from either side.

Interlock — Pressure hatches shall not open prior to pressure equalization.
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E. Single Crewmember Operation — Hatches shall be capable of being operated by one
crewmember.

F.  Parts Tethering — All safety pins or other detachable parts required for the opening/closing
shall be tethered and able to be stowed.

G. Deleted.
H. Deleted.

8.10.3.4 OPERATING FORCES DESIGN REQUIREMENTS
Hatch and door cover operating forces shall meet the following requirements:

A. Emergency Operation of Internal Doors — Forces for emergency backup operation or
breakaway of jammed internal doors shall not exceed 445 Newtons (100.0 Ibf).

B. Latch Operations — The force required to operate the door and hatch latches shall not
exceed the strength of the fifth percentile design population as defined in 4.9.3.

C. Open/Close Force — The force required to move an unlatched hatch or door between its
closed and its open position shall not exceed 22.0 Newtons (5.0 Ibf) with zero delta
pressure through the opening.

D. Restraints — Restraints shall be provided to counteract body movement when opening or
closing hatches and doors.
8.10.3.5 MINIMUM SIZE DESIGN REQUIREMENTS

The minimum size of personnel hatch and door openings shall accommodate passage of the
largest IVA ORU or crewmember (whichever is larger) intended to pass through the opening.

8.10.3.6 OPERATIONS INTERFACE REQUIREMENTS

A. The location and operation of crew interfaces for hatches in all pressurized elements shall
be visually and functionally identical.

B. This shall include the procedures and protocols for opening, securing, closing, statusing
and performing maintenance.

8.10.3.7 SHAPE

The hatch shall be shaped such that it can pass through the opening that it is designed to seal.
8.11 WINDOWS INTEGRATION

8.11.1 INTRODUCTION

This paragraph is not applicable for this document.

8.11.2 WINDOWS INTEGRATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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8.11.3 WINDOWS INTEGRATION DESIGN REQUIREMENTS
The following are requirements for the architectural integration and design of windows:
A. Required Windows — Windows shall be provided for the following functions:
(1) Off—duty recreational viewing
(2) To support EVA/Extravehicular Robotic (EVR) activities
(3) To support proximity operations
(4) To support inspection of adjacent modules, structures, and/or other spacecraft
(5) For celestial or Earth observations
(6) For observation of decompression through airlock and pressure hatch covers —

a.  Windows shall be located and configured with minimum blind areas inside the
decompression area.

b.  Windows shall allow a 45.0 inch field of view for an eye reference point
located along a normal to the window opening which passes through the
geometric center of this opening.

c.  This reference point shall be located half the window opening dimension from
the inner pane.

B. Adequate Space Around Windows — The architectural arrangement of equipment near the
windows shall accommodate performance of window tasks.

Restraints — Restraints shall be provided for window task performance.
Deleted.
Deleted.

mm oo

Window Attachments — Mounting/pointing/aligning fixtures shall be removable and
adjustable.

8.12 INTERIOR DESIGN AND DECOR

8.12.1 INTRODUCTION

This paragraph is not applicable for this document.

8.12.2 INTERIOR DESIGN AND DECOR DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

8.12.3 INTERIOR DESIGN AND DECOR DESIGN REQUIREMENTS

Interior colors shall be selected in accordance with SSP 50008.
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8.13 LIGHTING

8.13.1 INTRODUCTION

This paragraph is not applicable for this document.

8.13.2 LIGHTING DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
8.13.3 LIGHTING DESIGN REQUIREMENTS
8.13.3.1 ILLUMINATION LEVEL DESIGN REQUIREMENTS

8.13.3.1.1 GENERAL INTERIOR ILLUMINATION LEVELS DESIGN REQUIREMENTS

A. The general illumination of the Space Station shall be a minimum of 108.0 lux (10.0 fc) of
white light.

B. The lighting level shall be measured 30.0 inches above the floor equidistant from the walls
where appropriate.

8.13.3.1.2 ILLUMINATION FOR TASK DESIGN REQUIREMENTS

A. The lighting level shall be measured on the primary work surfaces

B. Specific IVA task lighting requirements shall be as defined in Figure 8.13.3.1.2—1 which
also defines illumination levels for workstations.

Area or Task Lux (Ft. ©)
General 108 (10)
Passageways 54 5)
Hatches 108 (10)
Handles 108 (10)
Ladders 108 (10)
Stowage Areas 108 (20)
Wardroom 215 (20)
Reading 538 (50)
Recreation 323 (30)
Galley 215 (20)
Dining 269 (25)
Food Preparation 323 (30)

FIGURE 8.13.3.1.2-1 SPACE VEHICLE ILLUMINATION LEVELS (PAGE 1 OF 2)
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Area or Task Lux (Ft. ©)
Personal Hygiene 108 (10)
Grooming 269 (25)
Waste Management 164 (15)
Shower 269 (25)
Crew Quarters 108 (10)
Reading 323 (30)
Sleep 54 5)
Health Maintenance 215 (20)
First Aid 269 (25)
Surgical 1076 (100)
[.V. Treatment 807 (75)
Exercise 538 (50)
Hyperbaric clinical lab 538 (50)
Imaging telvideo 538 (50)
Workstation 232 (30)
Maintenance 538 (25)
Controls 538 (20)
Assembly 323 (30)
Transcribing 538 (50)
Tabulating 538 (50)
Repair 323 (30)
Panels (Positive) 215 (20)
Panels (Negative) 54 (5)
Reading 538 (50)
Night Lighting 21 (2)
Emergency Lighting 32 (3)
Notes:
(1) Levels are measured at the task of 789 mm. (30 in.) above floor.
(2) All levels are minimum.

FIGURE 8.13.3.1.2-1 SPACE VEHICLE ILLUMINATION LEVELS (PAGE 2 OF 2)

8.13.3.1.3 ILLUMINATION LEVELS OF SLEEPING AREAS DESIGN REQUIREMENTS
The following requirements apply to the illumination of sleeping areas:
A. The lighting level shall be adjustable from “off” to the maximum for sleeping areas.

B. Minimum lighting of 32.0 Lux (3.0 fc), or other means of visual orientation shall be
provided to permit emergency egress from sleeping areas.
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8.13.3.1.4 ILLUMINATION LEVELS FOR DARK ADAPTATION DESIGN REQUIREMENTS

If maximum dark adaptation is required, red light or low level white lighting [Commission
Internationale De L'Eclairage (CIE) color coordinates for x and y equals 0.330 +/- 0.030 (1932)]
is acceptable. However, if color acuity is required, red lighting is not acceptable. All
trans—illuminated displays and controls shall be visible when all other lighting is turned off.

When dark adaptation is required for performance of tasks, the following measures shall be
taken:

A. Low Level Lighting — Low level lighting shall be provided for task performance.

B. Protection From Stray Light — Areas requiring low level illumination shall be protected
from external light sources.

(1) All external windows shall be provided with protective light shields.

(2) All doorways shall be lightproof when closed.
8.13.3.2 LIGHT DISTRIBUTION DESIGN REQUIREMENTS
8.13.3.2.1 DELETED

8.13.3.2.2 REFLECTED GLARE DESIGN REQUIREMENTS

A. Surface Reflection — Work surface reflection shall be diffused and shall not exceed 20.0
percent specularity.

B. Angle of Incidence — Direct light sources shall be arranged so their angle of incidence to
the visual work area is not the same as the operator’s viewing angle.

Deleted.

Deleted.

8.13.3.2.3 LUMINANCE RATIO DESIGN REQUIREMENTS

The luminance ratios between the lightest and darkest areas and/or between task area and
surroundings shall be no greater than specified in Figure 8.13.3.2.3-1.
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Environmental Classification

Comparison A (1) B (1) C@)

Between lighter surfaces and 5tol 5tol 5tol

darker surfaces within the task

Between tasks and adjacent darker 3tol 3tol 5tol

surroundings

Between tasks and adjacent lighter 1to3 1to3 1to5

surroundings

Between tasks and more remote 10to 1 20to 1 (2)

darker surfaces

Between tasks and more remote 1to 10 1to 20 (2)

lighter surfaces

Between luminaires and adjacent 20to 1 (2) (2)

surfaces

Between the immediate work arega 40t0 1 (2) (2)

and the rest of the environment

Notes:

over remote surroundings.

alter environmental conditions.
(2) Brightness—ratio control not practical.

(1) A -interior areas where reflectances of entire space can be controlled for optimum visual conditions.
B — Areas where reflectances of immediate work area can be controlled, but there is only limited control

C — Areas (indoors and outdoor) where it is completely impractical to control reflectances and difficu

It to

FIGURE 8.13.3.2.3-1 REQUIRED BRIGHTNESS RATIOS

8.13.3.3 LIGHT COLOR DESIGN REQUIREMENTS
Artificial light will meet the following color requirements:
A. White Light —
(1) The Space Station shall be illuminated with white light.

(2) Fluorescent lighting shall have a color temperature of 5000 K or greater while

incandescent lighting shall have a color temperature of 3200 K or greater.

B. Color Temperature Variation — CCT may vary from module to module but will conform to

the following intra—module variations:

(1) The CCT for the general interior lighting system shall be comprised of one source

type (i.e., all sources are fluorescent, or all are incandescent, etc.) and not vary more

than +/— 300 K operation at maximum intensity.

(2) If the general interior lighting system is operating simultaneously with any other

lighting system, the CCT differential between the two systems may exceed +/— 300

K.

C. Color Rendition — Unless otherwise specified, the minimum CIE general color rendering

index (R of any light source shall be 90.0 +/- 10.0.

See 9.5.3.2 for color coding information relative to illuminated displays.
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8.13.3.4 LIGHTING FIXTURES AND CONTROLS DESIGN REQUIREMENTS

The following design requirements apply to lighting fixtures and their controls:

A.

Emergency Lights — An independent, self-energizing illumination system shall be
provided that will be activated automatically in the event of a major primary power failure
or main lighting circuit malfunction resulting in circuit breaker interruption.

Emergency illumination levels shall be per Figure 8.13.3.1.2-1.
Controls — Lighting controls shall meet the following requirements:
(1) Required Control — Each light fixture shall have its own control.

In addition, centralized lighting control shall be provided for each compartment and
translation path.

a. Location — Lighting controls shall be provided at entrances and exits of
habitable areas.

b.  Sleeping — Sleeping area light controls shall be within the reach of a
crewmember when in the sleep restraint.

C. Controls — Controls for artificial illumination at the workstation shall be
located within the reach envelope of the operator at the display/control panel
or workstation that is affected.

(2) Control Identification — Lighting controls shall be illuminated in areas that are
frequently darkened.

(3) \Variability — Dimmer controls shall be provided.
Flicker — Light sources shall not have a perceptible flicker.

Fixture Protection —The following protective measures shall be incorporated into lighting
fixtures:

(1) Deleted.
(2) Deleted.

(3) Lamp or Lens Breakage — Provisions shall be incorporated into all light fixtures to
contain all glass fragments in the case of lamp or lens breakage.

(4) Replacement of Lamps — Provisions shall be incorporated into all light fixtures to
allow for replacement of lamps or luminaires.

Portable Lights — Portable lights shall be provided.
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8.13.3.5 DELETED

8.13.3.6  WORKSTATION ILLUMINATION DESIGN REQUIREMENTS

Requirements pertaining to workstation illumination are provided below:

A.

lllumination — Workstation illumination requirements shall be as given in Figure
8.13.3.1.2-1.

Adjustable lllumination — Workstation illumination shall be fully adjustable down to OFF.
Portable Lighting — Portable lighting shall be available for use at workstations.

Light Distribution — The minimum ratio for differences in illumination within a work area
shall meet the following specifications.

(1) Primary viewing areas (30.0 degree visual angle about primary lines of sight) —
Maintain a 3:1 ratio.

(2) Adjacent viewing areas (30.0 to 60.0 degree band surrounding primary viewing
areas) Maintain a 5:1 ratio.

(3) Workstation area outside "adjacent viewing areas” — Maintain a 10:1 ratio.

Shadows — Placement of lighting sources shall be such that shadows are not created on
working surfaces or information displays by design positioning of crewmembers or
equipment.

Deleted.

Light Sources in Front or to the Side of Operators — Light sources shall not be located
within the range of 60.0 degrees to any side of the center of the visual field.

Light Sources Behind Operator — Direct light sources shall not be placed behind operators
within 60.0 degrees of normal to the operators visual field.

8.13.3.7 DELETED
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9.0 WORKSTATIONS

9.1 INTRODUCTION

Requirements for both electromechanical displays and controls and computerized displays and
controls are presented in this chapter on workstation requirements. Both type of systems will be
employed on the Space Station, based upon analyses to determine which Space Station

workstation functions are best served by electro—-mechanical displays and controls and which are
best served by computerization.

9.2 WORKSTATION LAYOUT
9.2.1 INTRODUCTION
9.2.2 GENERAL WORKSTATION DESIGN FACTORS

9.2.2.1 GENERAL WORKSTATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
9.2.2.2 GENERAL WORKSTATION DESIGN REQUIREMENTS

9.2.2.2.1 WORKSTATION ILLUMINATION DESIGN REQUIREMENTS

This paragraph is not applicable for this document.
9.2.2.2.2 CONGESTION AND INTERFERENCE DESIGN REQUIREMENTS

9.2.2.2.3 ORIENTATION DESIGN REQUIREMENTS

Workstations shall be designed using a local vertical orientation.

9.2.2.2.4 WORKSTATION COLOR DESIGN REQUIREMENTS

Workstation color selection requirements are specified below:

A. Color Selection — FED-STD-595 neutral colors shall be used in workstations.

B. Reflections — Workstations surface reflection shall be less than 10.0 percent.

C. Controls
(1) Controls shall be black or gray unless otherwise specified in 9.5.3.2, Item |.
(2) Toggle switch handles shall have a satin metallic finish.

(3) Control colors shall provide contrast between controls and background 9.5.3.2, Iltem
1.(8)a.
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D. Panel Color Finish — The panel color shall provide contrast between the labels and
background per 9.5.3.2, Item 1.(8)a.

E. Consoles and Pedestals — The color of structural members of control consoles and
pedestals and overhead mountings for control units shall be in accordance with SSP 50008.

F.  Meter Bezels — The meter bezels shall be the same color as the panel on which the meter
will be used.

9.2.2.25 DELETED

9.2.2.2.6 DELETED

9.2.3 DISPLAY/CONTROL PLACEMENT AND INTEGRATION

9.2.3.1 DISPLAY/CONTROL PLACEMENT AND INTEGRATION DESIGN

CONSIDERATIONS

This paragraph is not applicable for this document.
9.2.3.2 DISPLAY/CONTROL PLACEMENT AND INTEGRATION DESIGN REQUIREMENTS

9.2.3.2.1 CONTROL SPACING DESIGN REQUIREMENTS
Requirements for control spacing are provided below:

A. All spacing between controls shall meet the minimum requirements as shown in Figure
9.2.3.2.1-1 (for the ungloved condition).

B. Gloved Operation — Controls necessary for maintenance and recovery following a
depressurization as a result of a micro—meteoroid hit shall be operable by a pressure—suited
crewmember.

C. Miniature Controls — Spacing of miniature controls, intended for ungloved hand operation,
shall maintain the same clearance "footprint” about each control (i.e., the edge—to—edge
separation between the pair of controls located on either side of a third control) as
indicated in Figure 9.2.3.2.1-1.

9.2.3.2.2 DISPLAY READABILITY DESIGN REQUIREMENTS

Displays shall be located and designed so that they are within the visual cone of personnel in the
normal operating or servicing positions without deviating from the neutral body posture defined
in section 3.0. Requirements for designing readable displays are provided below:

A. Accessibility — Displays shall be located within a 30.0 degree visual cone from the design
eye point.

B. Parallax Error — Displays shall be located so that the parallax error is less than 25.0 percent
of the smallest increment marked on the display when read from the design eyepoint.
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Rotary Switch -

‘ 20 mm (0.8 in) min
5 mm {1 in) min j 40 mm (1.6 in} preferred
35 mm (1.4 in) preferred

§., ST

25 mm (1 .in} min 35 mm {1.4 in) preferred
35 mm {1.4 in) preferred

I Thumbwheel
-"] 5mm (0.2 in) min
10 mm (0.4 in) preferred
25 mm (1 in) min
m [-—-—~T35 mm {1.4 in) preferred ﬂ ﬁ ﬁ “

15 mm {0.6 in) min
30 mm {1.2 in) preferred

#19 mm (0.75 in) min —e= F.
l———Tzo mm (0.8 in) m:-.\x ::] D
lm@] [@© | t00O0O

- | Oboao
20 mm (0.8 in) min ___‘___ 2.5 mm (0.1 in) min

Barrier Guards Pushbuttons (Non-Keyboard Applications)

Rotary Controls

5mm (0.2 in) min
10 mm (0.4 in) preferred o ’_~

il
OO00CE

——-I L 10 mm {0.4 in) min ——-I lt— 15 mm (0.6 in) min

25 mm {1 in) preferred 25 mm (1 in) preferred

let-5 mm (0.2 in) min
10 mm (0.4 in) preferred

Spacing Required Between Switch Controls

Note: See Figure 9.3.3.4.1.2-1 for Keyboard Layout Dimensions.

FIGURE 9.2.3.2.1-1 CONTROL SPACING REQUIREMENTS FOR UNGLOVED
OPERATION
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C. Orientation — The angle between the line—of—sight at the operating position as defined in
9.2.4.2.2 and the normal to the displays shall always be less than 30.0 degrees.

D. Simultaneous Use — A visual display that must be monitored concurrently with
manipulation of a control shall be located so that it can be read to within 30.0 degrees of
visual arc of the control.

9.2.3.2.3 DISPLAY/CONTROL GROUPING DESIGN REQUIREMENTS
Requirements for grouping displays and controls are listed below:

A. Functional Grouping — Functionally related displays and/or controls shall be arranged in
functional groups.

B. Sequential Grouping —

(1) When a unigue sequence of control actions exists, the displays and/or controls shall
be arranged in relation to one another according to their sequence of use.

(2) Within a functional group, the sequence shall be from left to right or top to bottom.

C. Logical Flow Grouping — When there is not a unique sequence or functional grouping of
control actions, displays and controls shall be arranged in a manner consistent with their
operational logical flow.

D. Functional Group Markings — A means of coding functional groupings of displays and
controls shall be provided.

E. Left—to—Right Arrangement — If controls must be arranged in fewer rows than displays,
controls affecting the top row of displays shall be positioned at the far left; controls
affecting the second row of displays shall be placed immediately to the right of these.

F.  Vertical and Horizontal Arrays — If a horizontal row of displays is associated with a
vertical column of controls or vice versa, the farthest left item in the horizontal array shall
correspond to the top item in the vertical array.

G. Multiple Displays — When the manipulation of one control requires the reading of several
displays, the control shall be placed within the reach of the 5th percentile Japanese female
while maintaining the 30.0 degree visual cone to each display.

H. Separate Panels —

(1) When functionally related displays and controls must be located on separate panels
and both panels are mounted within +/— 5.0 degrees of the same angle relative to the
operator, the control positions on one panel shall correspond to the associated display
positions on the other panel.

(2) The two panels shall not be mounted facing each other.
l. Switch/Control Labeling — Each switch/control shall be labeled.

9.2.3.2.4 PREFERRED DISPLAY/CONTROL LOCATION DESIGN REQUIREMENTS
Design requirements for the placement of displays and controls are provided below:
A. Deleted.

B. Deleted.
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Deleted.
D. Display/Control Relationships

(1) The relationships of a control to its associated display and the display to the control
shall be labeled.

(2) Controls shall be located adjacent to their associated displays.
(3) Operation of controls at a workstation shall not obscure displays located at the
workstation.
9.2.3.2.5 CONSISTENT DISPLAY/CONTROL PLACEMENT — DESIGN REQUIREMENTS
Requirements for maintaining consistency in display and control design are provided below:
A. Deleted.

B.  Mirror Images — Mirror image arrangements shall not be used.

9.2.3.2.6  MAINTENANCE DISPLAYS/CONTROLS — DESIGN REQUIREMENTS

Displays and controls used solely for maintenance and adjustments shall be covered or
non-visible during normal equipment operation.

9.2.3.2.7 EMERGENCY DISPLAY/CONTROL PLACEMENT DESIGN REQUIREMENTS

Requirements for emergency displays and controls are provided below: (Refer to Figure
9.2.4.2.2-1.)

A. Emergency Display/Control Placement — Emergency displays and controls shall be located
within a 30 degree cone about the operator’s normal line of sight or within a 30 degree
cone of the nearest available hand in its normal operation position.

B. Computer Generated Emergency Displays — Emergency information depicted on existing
computer controlled displays shall be located within a 30.0 degree cone about the user’s
normal line of sight.

9.2.3.2.8 DISPLAY/CONTROL MOVEMENT COMPATIBILITY DESIGN REQUIREMENTS
Requirements for display/control movement compatibility are provided below:

A. Consistency of Movement — The movement of an indicator within a display shall always
be in the same direction as the movement of the associated control.

B. Complex Movement Control — When the vehicle, the equipment, or the components are
capable of motion in more than two dimensions, exception to 9.2.3.2.8, Iltem A. shall be
made to:

(1) Maintain consistency with other systems

(2) Maintain control/display movement requirements
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Deleted.
D. Deleted.

Movement Direction — When a rotary control and linear display are in the same plane, the
part of the control adjacent to the display shall move in the same direction as the moving
part of the display.

F.  Labeling — Controls shall be clearly labeled to indicate the direction of control movement
required.

G. Time Lag -
(1) Deleted.
(2) Feedback for operator entries shall have not more than a 0.2 second delay.
(3) Deleted.
(4) Changes of entire data pages shall be executed in less than 10.0 seconds.
(5) If processing requires more than 10 seconds, the system shall acknowledge a control
input and provide updates showing the progress of the processing.
9.2.3.2.9 DISPLAY/CONTROL MOVEMENT RATIO DESIGN REQUIREMENTS

Requirements for designing the relative movement ratios between displays and controls are
provided below:

A. Deleted.
B. Deleted.

C. Coarse/Fine Knob Setting — A rotary knob used for coarse control shall move an
associated display element (linear scale) three to six times the distance of a fine control
knob per revolution of the knob.

D. Bracketing — When bracketing is used to locate a maximum or minimum value (e.g., as in
tuning a transmitter), the control knob shall swing through an arc of not less than 10.0
degrees nor more than 30.0 degrees either side of the target value in order to make the peak
or dip associated with that value clearly noticeable.

E. Counter — When counters are provided, the display/control ratio shall be such that one
revolution of the knob produces 50 +/- 5.0 counts.

9.2.3.2.10 DELETED
9.2.4 HUMAN/WORKSTATION CONFIGURATION

9.2.4.1 HUMAN/WORKSTATION CONFIGURATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
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9.2.4.2 HUMAN/WORKSTATION CONFIGURATION DESIGN REQUIREMENTS

A positive indication of system state shall be used.

9.24.2.1 CREWMEMBER PHYSICAL CHARACTERISTICS

Workstations will accommodate the following features:

A. Microgravity — The physical dimensions and layout of workstations shall conform to user
characteristics for microgravity neutral body posture given in 3.3.4.3.

B. The physical dimensions and layout of the workstation shall conform to the characteristics
of the specific population of users given in 3.3.1.3.

Movement — Microgravity restraint features shall be incorporated into the design.

Deleted.

9.2.4.2.2 VISUAL SPACE DESIGN REQUIREMENTS

Good workstation design takes into account the visual abilities of users. Requirements and
specifications regarding a crewmember’s visual space are provided below:

A. Viewing Distance
(1) Minimum —

a.  The viewing distance to displays other than visual display terminals and
collimated displays shall not be less than 33.0 cm (13.0 in.).

b.  The viewing distance to visual display terminals shall not be less than 40.6 cm
(16.0in.).

(2) Maximum — The viewing distance to displays shall not be greater than the reach
distance for the 5 percent Japanese female or 71.2 cm (28.0 in.).

B. Line of Sight — A crewmember’s line of sight depends on body position and varies as a
function of gravity level and shall be defined as shown in Figures 3.3.4.3—-1 and
9.2.4.2.2-1.

C. Deleted.

9.2.4.2.3 WORKSTATION RESTRAINTS AND MOBILITY AIDS

This section provides requirements for integrating restraints and mobility aids into the
workstation environment.

A. Deleted.

B. Freedom of Movement — A workstation restraint shall allow the user to reach all required
controls and view all required displays based on the anthropometric reach and line of sight
limitations defined in 3.3.3.3.1 and 3.3.4.3.
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/----24.5° (45.1°)

Horizontal reference

Vertical
reference

FIGURE 9.2.4.2.2-1 LINE-OF-SIGHT FOR ONE-G AND MICROGRAVITY

C. Restraint Adjustment —

(1) Eye Position and Reach — Restraints shall be adjustable to allow the 5.0 percent
Japanese female through the 95.0 percent American male for eye position (relative to
displays) and reach (relative to controls).

(2) Deleted.

D. Required Restraint Placement — Foot and waist restraint systems shall be located at all
workstations that require a crewmember to perform the following type tasks:

(1) Greater than 4.0 hours of continuous visual monitoring.

(2) Manipulations requiring the use of both hands.

(3) Deleted.
E.  Stability — Workstation restraints shall provide stability for:
(1) Deleted.
(2) Deleted.
(3) Deleted.

(4) Executing continuous control movement.
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Handholds and Handrails — Handholds and handrails shall meet the requirements for the
5.0 percent Japanese female through the 95.0 percent American male populations as
specified in 11.7.

Equipment Restraints — Equipment restraints shall be provided to anchor every loose item
at the workstation.

9.2.5 SPECIALIZED WORKSTATIONS

9.25.1 WINDOW WORKSTATION

9.25.1.1 WINDOW WORKSTATION DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

9.25.1.2 WINDOW WORKSTATION DESIGN REQUIREMENTS

Design requirements for window workstations are provided below:

A.

T o mom

Field of View— The required field of view for a window workstation shall conform to the
design eye volume of the 5.0 percent Japanese female to the 95.0 percent American male.
Design eye volume is defined as the eye placement envelope constructed by the full range
of head movement (+24.0 degree to —15.0 degrees in the YZ plane; +/— 54.0 degrees in the
XZ plane) as defined by the Neutral Body Posture (Figure 3.3.4.3-1).

Deleted.

Multi—observer Windows — Windows shall accommodate a minimum of two observers.
Work area layout shall be designed for two people.

Shielding

(1) Luminance Control — The capability to reduce window transmissivity through the
addition of neutral filtering shall be provided.

(2) Complete Closure — The capability to completely block light transmittal through a
window shall be provided.

(3) Sun Shades — When provided, external sun shades shall be adjustable.
Deleted.

Cleaning — Inside window surface shall be cleanable without damaging the window.
Deleted.

Dark Adaptation — Window workstations designed for operation in ambient light levels
less that 5.0 fc shall provide dimming control of the ambient lighting.

Display Shielding — Displays shall be shielded from sunlight entering the window or be
designed to be legible in sunlight.
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J. Control Placement — Control placement and design shall allow crewmembers to assume a
position relative to the window that places the window within the visual cone.

K. Restraints — The design and placement of window workstation restraints shall allow up to
four continuous hours of use.

9.2.5.2 MAINTENANCE WORKSTATION DESIGN REQUIREMENTS

9.25.2.1 MAINTENANCE WORK AREA DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.

9.25.2.2 MAINTENANCE WORK AREA DESIGN REQUIREMENTS

A. Utilities, including electrical power, data, telemetry and video interfaces shall be provided
by the maintenance workstation to the maintenance work area to support the service,
diagnostics, and repair of subsystem components and the downlink/uplink of video and
data which supports maintenance operations.

(1)
(2)
3)

(4)

()

(6)

(7)

Deleted.

Deleted.

Transparent Surfaces — All transparent surfaces shall be:
a.  scratch/mar resistant

b.  anti-fog and anti-icing

c.  shatter resistant

Capabilities — The maintenance work area shall provide the capability to operate the
electrical, mechanical, vacuum, and fluid systems during corrective and preventive
maintenance.

The maintenance work area shall have general purpose diagnostic equipment and
shall accommodate special purpose diagnostic equipment.

The maintenance work area shall be equipped with a set of hand tools and with
general purpose test and ancillary equipment and shall have ample stowage space for
such tools, equipment, and materials. (e.g., wire, screws, tape, nuts, and raw stock.)

Deleted.

B. Contamination

1)

Cleaning
a. Exposed surfaces shall be cleanable.

The maintenance work area sHadl designed such that there are no crevices or
narrow openings which can collect liquid or particulate matter.

b.  Grids or uneven surface shall be designed to permit cleaning of all areas
without the use of special tools.
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c.  The maintenance work area shall have a vacuum or evacuation system for the
purging and cleaning of replacement units/systems.

The vacuum effluence shall be contained to preclude internal and external
environment contamination.

d. Means shall be provided to control odors and/or to remove particulates from a
system.

All filters shall be accessible for cleaning and/or replacement.

Means shall be provided to prevent leakage of any entrapped material from a
filter unit during removal.

e. Maintenance work area shall have the capability for the collection and disposal
of debris, particulate matter, and liquid from the workstation atmosphere as
well as from exposed interior surfaces of the work area.

f. Contamination Control —

1) A means shall be provided for passive contamination control in the
transport of devices to and from the maintenance workstation.

2)  The maintenance work area shall be provided with means to measure and
monitor the contamination level within the work area, including the
capability to measure the surface contamination level.

3) A means shall be provided for contamination control which assures
prevention of mutual contamination between the ambient environment
and the work area.

g. A means shall be provided for a passive contamination control method for IVA
maintenance operations actions which will be performed remote from the
maintenance work area.

(2) Hazardous Operations — The capability to seal hazardous operations from other areas
shall be provided at the maintenance workstation for the duration of the operation.

(3) Particulate Matter Retention — The maintenance workstation shall be capable of
particulate matter retention and effluent scrubbing/capture.

Deleted.
Deleted.
Deleted.

mom oo

lllumination — Work area illumination shall be as specified in Figure 8.13.3.1.2-1.

9.2.6 PORTABLE WORKSTATIONS/TERMINALS
Requirements for portable workstations/terminals are given below:
A. One handed operation — Portable workstatgiradl provide for one—handed operation.

B. Restraints — Portable workstations shall have restraints in accordance with 11.7.3.3.
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C. Deleted.

D. Connectors — If cable connections are required, dedicated connectors shall be used to
interface the module with the facility by using a maximum cable length of 3.0 meters.

E. Handles — Portable workstations shall provide handles or grab areas per requirements
given in 11.6.3.
9.3 CONTROLS

9.3.1 INTRODUCTION

This paragraph is not applicable for this document.

9.3.2 CONTROL DESIGN CONSIDERATIONS

This paragraph is not applicable for this document.
9.3.3 CONTROL DESIGN REQUIREMENTS

9.3.3.1 GENERAL REQUIREMENTS
General requirements for the design of controls are provided below:
A. Standardization — Controls shall be standardized using the following:
(1) Control operation method
(2) Control mounting and guarding
(3) Control orientation
(4) Control size and color coding
(5) Deleted.

B. Detent Controls — Detent controls shall be selected over continuous controls whenever the
operational mode requires control operation in discrete steps.

Stops — Stops shall be provided at the beginning and end of the range of control positions.

Load Limit — Controls shall withstand the crew—imposed limit loads given in Figure

9.3.3.1-1.
Item Type of Load Design Limit Load Direction of Load
Levers, handles, Push or pull 220 N (49.46 Ibf) Any direction

operating wheels | concentrated on most
extreme tip or edge

Small knobs Torsion 15 Nm (11 ft-lb) Either direction
FIGURE 9.3.3.1-1 MAXIMUM CREW INDUCED DESIGN LIMIT LOADS (CONTROLYS)
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E.

Blind Operation — Where actuation without visual observation is necessary, the controls
shall be shaped—-coded or separated from adjacent controls by at least 13.0 cm (5.0 in.).

High Force Controls — For IVA operations, the operating force of a control shall not exceed
the minimum strength limit as defined in 4.9.3.

Miniature Controls —

(1) Miniature controls shall be used only when a space—to—functionality limitation exits
and use by a pressure—suited crewmember is not required.

(2) Miniature controls shall not be used for nominal operations.

(3) The movements of miniature controls shall be consistent with those of standard
controls.

(4) Miniature controls shall be protected to preclude accidental actuation.

Labeling/Coding — Emergency or Critical Controls shall be coded or labeled.

9.3.3.2 ACCIDENTAL ACTUATION

Requirements for reducing accidental actuation of controls are presented below:

A.
B.

Deleted.

Protective Methods — Protection shall be provided for controls to prevent accidental
actuation. Protective methods include, but are not limited to, those listed below:

(1) Locate and orient the controls so that the operator is not likely to strike or move
them accidentally in the normal sequence of control movements.

(2) Recess, shield, or otherwise surround the controls by physical barriers. The control
shall be entirely contained within the envelope described by the recess or barrier.

(3) Cover or guard the controls. Safety or lock wire shall not be used.

(4) If acover guard is used, its location when open, the guard shall not cover or obscure
the protected control or any adjacent controls.

(5) Provide the controls with interlocks so that extra movement (e.g., lifting switch out
of a locked detent position) or the prior operation of a related or locking control is
required.

(6) Provide the controls with resistance (i.e., viscous or coulomb friction,
spring—loading, or inertia) so that definite or sustained effort is required for
actuation.

(7) Provide the controls with a lock to prevent the control from passing through a
position without delay when strict sequential actuation is necessary (i.e., the control
moved-only to the next position, then delayed).

Noninterference — Protection devices shall not cover or obscure other displays and or
controls.
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D. High Traffic Areas — Critical controls shall not be located in translation paths.

E. Dead-Man Controls — For functions where continuous un—supervised, operations can pose
any document program safety hazard (i.e., approved Hazard Analysis Report), a dead—man
control device shall be used.

F. Barrier Guards

(1) Barrier guard spacing shall adhere to the requirements for use with toggle switches,
rotary switches, and thumbwheels as shown in Figure 9.2.3.2.1-1 and 9.3.3.2-1.

(2) Barrier guards shall be designed and located so as to preclude their use as handholds.

10 mm (0.4 in.) min
40 mm (1.5 in.) max

FIGURE 9.3.3.2-1 ROTARY SWITCH GUARD

G. Recessed Switch Protection — When a barrier guard is not used, rotary switches that
control critical functions shall be recessed as shown in Figure 9.3.3.2-1.

H. Detachment — Covers and guards shall be designed to prevent inadvertent detachment.

l. Position Indication — When protective covers are used, control position shall be visible
without requiring cover removal.

J. Hidden Controls — Controls that cannot be directly viewed shall be guarded to prevent
inadvertent actuation.

K. Hand Controllers — Hand controllers shall have a separate on/off control to prevent
inadvertent actuation when the controller is not in use.
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9.3.3.3 CONTROL TYPES

9.3.3.3.1 KNOBS

Requirements for the design of knobs are provided below:

A. Discrete Rotary Selection Switches —

(1)

(2)

®3)

(4)

()

(6)

General —

a. Rotary selector switches shall be used when four or more detented positions
are required for discrete functions.

b. Deleted.

Displacement — Up to twelve switch positions may be provided. Standard distance
between positions shall be 30.0 degrees.

Knob Dimensions — Pointer knobs of the type illustrated in Figure 9.3.3.2-1 are
preferred for general use. Dimensions and alternate designs are, in order of
preference, described within MIL-K-25049 or MIL-H-8810, MIL-STD-1472,
AFSC DH 2-2, and MIL-STD-1348.

Separation and Arrangement —

a. Rotary selector switches shall be designed with a moving pointer and a fixed
scale.

b.  Pointer knobs shall be mounted so that the parallax error does not exceed 25.0
percent of the distance between scale markings.

C. Deleted.
Resistance —

a.  Switch resistance shall be elastic, building up then decreasing as each position
Is approached, so that the control snaps into position without stopping between
adjacent positions.

b.  The torque required to turn the switch from one detent position to another shall
be no less than 9.0 N—cm (12.0 in. 0z) at breakout and no more than 70.0
N—cm (100.0 in. 0z) just prior to dropping into the next detent position.

Direction of Movement — The order of positions shall be such that clockwise
movement indicates "on”, ascending order, increased performance.

B. Continuous Rotary Control Knobs —

(1)

General —

a.  Continuous rotary control knobs (e.g., rheostats, potentiometers) shall be used
for precise adjustment of system parameters.

b.  Continuous controls may be either single—turn or multi—turn.
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)
®3)

Displacement — Single—turn controls shall have a preferred standard deflection of
240 degrees, between limits located at the 8 o’clock and 4 o’clock positions.

Resistance — The torque required to reposition the knob shaft shall be 6.0 to 25.0
N-cm (8.0 to 36.0 in. 0z).

C. Ganged Control Knobs —
(1) Use — Use of ganged control knobs shall be limited to two—knob assembilies.
(2) Limitations — Ganged knob configuration shall not be used under the following
conditions:
a. Accurate or rapid operations are required.
b.  Frequent changes are necessary.
c. Gloved Operations are required.
(3) Dimensions, Torque, and Separation — Dimensions, torque, and separation of ganged
control knobs shall conform to Figure 9.3.3.3.1-1.
. 0006
Fo S e
M2 4] P2 H3 jL O3
Ganged knob/display
association
Dimensions
Two knob assembly, mm (in.) Three knob assembly, mm (in.)
Hq H> D1 D> H1 H> Hs D1 D> D3
Minimum | 16-0 13.0 13.0 22.0 19.0 19.0 6.0 13.0 44.0 75.0
(0.625)| (0.5) | (0.5) | (0.875)| (0.75) | (0.75) | (0.25) | (0.5) | (1.75) | (3.0)
: 100.0 100.0
Maximum (4.0) (4.0)
Torque Separation
To and including Greater than -
25.0 mm (1.0 in.)| 25.0 mm (1.0 in.)| One hand individually Barg Two handsé;?ultaneously
diameter knobs | diameter knobs
Minimum 25.0 mm (1.0 in.) 50.0 mm (2.0 in.)
Optimum 50.0 mm (2.0 in.) 75.0 mm (3.0in.)
. 32.0 mN-m 42.0 mN-m
Maximum | 4’5 in_o7) (6.0 in-07)
FIGURE 9.3.3.3.1-1 GANGED CONTROL KNOBS
(4) Serration of Ganged Control Knobs —

a.  Knobs shall be serrated.
b.  Fine serrations shall be used on precise adjustment knobs.

c. Coarse serrations shall be used on gross adjustment knobs.
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()

(6)

(7)

Marking of Ganged Control Knobs —
a. Anindexing mark or pointer shall be provided on each knob.
b.  Marks or pointers shall be uniquely labeled for each knob.

Knob/Display Relationship — When each knob of a ganged assembly must be related
to an array of visual displays, the knob closest to the panel shall relate to the
left—most display in a horizontal array, or the uppermost display in a vertical array
(see Figure 9.3.3.3.1-1).

Inadvertent Operation — A secondary knob control movement shall be required to
prevent inadvertent actuation of one knob as the other is being adjusted on a ganged
assembly.

9.3.3.3.2 THUMBWHEEL CONTROLS

Design requirements for thumbwheel controls are provided below:

A. Discrete Position Thumbwheels —

(1)
)
®3)
(4)

()

(6)

Discrete position thumbwheels shall have ten or fewer detent positions.
The standard distance between positions shall be 36.0 degrees.
Deleted.

Each position around the circumference of a discrete thumbwheel shall have a
concave surface or shall be separated by a high—friction (e.g., knurled) area that is
raised from the periphery of the thumbwheel.

Resistance shall be elastic, building up and then decreasing as each detent is
approached, so that the control snaps into position without stopping between
adjacent detents.

The resistance of discrete thumbwheel controls to movement shall be between 11.0
and 34.0 N-cm (16.0 to 48.0 in. 0z).

Movement of the thumbwheel forward, up, or to the right shall produce an increase
in the setting value.

B. Continuous Type Thumbwheels —

(1)
)

3)
(4)

()

Continuous type thumbwheels shall have a standard deflection of 300 degrees.

Hard stops shall be provided to limit the maximum travel of continuous
thumbwheels.

Continuous thumbwheels shall be serrated.

The resistance of continuous thumbwheel controls to movement shall be between 1.0
and 4.0 N-cm (2.0 and 6.0 in. 0z).

Movement of the thumbwheel forward, up, or to the right shall produce an increase
in the setting value.
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C. Coding -
(1) Thumbwheel controls shall be coded by location, labeling, or color

(2) Where used as input devices, thumbwheel switch OFF or NORMAL positions shall
be color coded to permit a visual check that the digits have been reset to these
positions.

9.3.3.3.3 VALVE CONTROLS
Requirements for the design of valve controls are provided below:

A. Low-Torque Valves — Valves requiring 1 N—m (10 in—Ib) or less for operation are
classified as "low—torque” valves and shall be provided with a "central pivot” type of
handle, 5.5 cm (2.25 in.) or less in diameter (see Item D. below).

B. Intermediate—Torque Valves — Valves requiring between 1.0 and 2.0 N-m (10.0 and 20.0
in—Ib) for operation are classified as "intermediate torque” valves and shall be provided
with a "central pivot” type handle, 5.5 cm (2.25 in.) or greater in diameter, or a "level (end
pivot) type” handle, 7.5 cm (3.0 in.) or greater in length.

C. High-Torque Valves — Valves requiring 2.0 N—-m (20.0 in—Ib) or more for operation are
classified as "high—torque” valves and shall be provided with "lever type” handles greater
than 7.5 cm (3.0 in.) in length.

D. Handle Dimensions —

(1) Valve handles shall adhere to the configuration illustrated in Figures 9.3.3.3.3-1 and
9.3.3.3.3-2.

Optional
skirt

.....

1 | 25 mm
{1.0in)
min

FIGURE 9.3.3.3.3-1 VALVE HANDLE — CENTRAL PIVOT TYPE

(2) Handles shall be contoured.

(3) Circular handles shall employ concave areas or convex projections along the
periphery of the handle.

E. \Valve Controls — Rotary valve controls shall open the valve with a counter—clockwise
motion.
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@ ‘ Press

Depress

./If i Olff t

(3.0 in)
Spherical min

FIGURE 9.3.3.3.3-2 VALVE HANDLE - LEVER TYPE

9.3.3.3.4 CRANKS
Requirements for the design of cranks are provided below:
A. Dynamics —

(1) Where cranks are used for tuning, or other processes involving numerical selection,
each rotation shall correspond to a power of ten.

(2) The gear ratio and dynamic characteristics of such cranks shall allow placement of
the follower without overshooting or undershooting.

Grip Handle — The crank grip handle shall be designed so that it turns around its shatft.

C. Dimensions, Resistance, and Separation — Dimensions, resistance, and separation between
adjacent swept circular areas of cranks shall conform to the criteria of Figure 9.3.3.3.4-1.

D. Deleted.
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L L Sy

E ) ::( >

“\I———” ~ sr*

Free

& spinning | 4L'r
Basic dimensions l«—R

Combined finger/spinner
styles (consoles)

Folding handle o—
o
Machine crank
Handle R, Turning radius
Load Specification| L, Length| D, Diameter| Rate below] Rate above

100 rpm 100 rpm
mm| in. [ mm | in. mm | in. | mm | in.
Light loads Minimum ([25.0( 1.0 10.0{0.375/ 38.0| 15 13.0| 0.5

Less than 22.0 N (5.0 preferred |38.0] 1.5 | 13.0| 05 | 75.0 | 3.0 | 65.0 | 2.5
Ib) (wrist andifingear i
movement Maximum |75.0] 3.0 | 16.0| 5/8 |125.0] 5.0 |115.0] 4.5

Heavy loads Minimum |75.0( 3.0 [ 25.0| 1.0 |190.0| 7.5 [125.0| 5.0

X;%?J\“%ﬁ,ﬁz"’“ Preferred [95.0{3.75{25.0( 10 | - | - | - | -
movement) Maximum | — | — [38.0] 1.5 [510.0[20.0[230.0] 9.0

Note:
(1) S, Separation between adjacent controls: 75.0 mm (3.0 in.) minimum.

FIGURE 9.3.3.3.4-1 CRANKS

9.3.3.3.5 HANDWHEELS
Requirements for the design of handwheels are provided below:
A. Restraints — Restraints shall be provided for the operator.

B. Turning Aids — Knurling, indentation, high—friction covering, or a combination of these
shall be built into the handwheel.

C. Deleted.
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9.3.3.3.6 LEVERS

Requirements for the design of levers are provided below:

A.

B. Deleted.

9.3.3.3.7 TOGGLE SWITCHES

Requirements for the design of toggle switches are provided below:

15 December 1999

Coding — When several levers are grouped, the lever handles shall be coded.

A. Dimensions — Dimensions for a standard toggle switch shall conform to the values
presented in Figure 9.3.3.3.7-1.
- J s1
At YX h ; ‘1 | r— ( Fq}
o i
s
l {
Dimensions Resistance
Arm ll_ength Cont[?ol tip Small switch Large switch
Minimum | 13.0 mm (0.5in.)| 3.0 mm (0.125in.) 2.8 N (10.0 0z) 2.8 N (10.0 02)
Maximum | 50 mm (2.0in.) | 25.0 mm (1.0in.)] 45N (16.00z) | 11.0 N (40.0 02)
Displacement between positions
A
2 position 3 position
Minimum 30 degrees 17 degrees
Maximum 80 degrees 40 degrees
Desired 25 degrees
Separation
Single finger operation S
Single finger Simultaneous
(1) sequential operation by
operation different fingers
Minimum | 19.0 mm (0.75in.) 25.0 mm (1.0in.)| 13.0 mm (0.50 in.} 16.0 mm (5/8 in.)
Optimum | 50.0 mm (2.0 in.)| 50.0 mm (2.0in.)| 25 mm (1.0in.) [ 19.0 mm (0.75 in)
Note:
(1) Using a lever rock toggle switch.

FIGURE 9.3.3.3.7-1 TOGGLE SWITCHES
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B. Indication of Actuation —

(1) An indication of control actuation shall be provided (e.g., snhap feel, audible click,
associated or integral light).

(2) Switch design shall preclude stoppage between positions.
(3) Switch position shall be visible from the design eye point.
C. Operating Force —
(1) Operating force shall be in the range of 3.0 to 30.0 N (0.63 to 6.25 Ibf).
(2) Deleted.

(3) For lever lock (pull to unlock) toggle switches, resistance of lift—to—unlock
mechanisms shall not exceed 13.0 N (3.0 Ibf).

D. Orientation — The direction of toggle switch operation shall be vertical.

Position Designation — Switch actuation shall control the system functions as indicated in
Figure 9.3.3.3.7-2.

on  gpen acivate
off close deactivate

un{'mmnﬂmm

down decrease backup
deploved  aulg
\ Stowed manual

FIGURE 9.3.3.3.7-2 TOGGLE SWITCH POSITION DESIGNATION

F.  Off Position — Where a third position is added for off, the off mode shall be either located
in the center position (preferred) or in the bottom position when the center position is
precluded by design.
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9.3.3.3.8 PUSH BUTTONS
Requirements for the design of push button controls are provided below:
A. Activation —
(1) Latching Push Button (push—on, lock—on) —
a. The "lock—on” state shall be visually identifiable by button displacement.
b.  Activation shall be indicated by a drop in resistance or an audible click.

(2) Momentary Push Button (push—on, release—off) — Activation shall be indicated by
positive feedback.

(3) Alternate Action Push Button (push—on, push—off) — Activation shall be indicated by
a drop in resistance, an auditory click, and an associated display action.

(4) Touch Sensitive (non—mechanical) — Touch sensitive push buttons shall include
positive feedback.

B. Resistance — The resistance of push buttons to movement shall be 3.0 to 24.0 N (10.0 to
85.0 0z).

C. Dimension —

(1) Deleted.
(2) Deleted.
(3) Deleted.

(4) The height and width (or diameter, as applicable) of push buttons shall be 2 cm (0.75
in.) minimum and 4.0 cm (1.50 in.) maximum.

(5) The illuminated area of push button signal lights shall not be less than2(6.4th
in2) and not greater than 10.0 (1.5 ir?).

D. Displacement —

(1) Momentary push buttons shall have a total displacement of 3.2 to 18.4 mm (0.125 to
0.725in.).

(2) Latching push buttons shall have a total displacement of 6.4 to 18.4 mm (0.250 to
0.7251in.).

(3) Alternate action push buttons shall have a displacement of 3.2 to 18.4 mm (0.125 to
0.725in.).

(4) Pre—travel shall be 0.32 to 1.52 cm (0.125 to 0.6 in.).

(5) Over—travel shall be 0.32 cm (0.125 in.) maximum.
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9.3.3.3.9 FOOT OPERATED SWITCHES
Design requirements for foot operated switches are provided below:
A. Use-
(1) Deleted.
(2) Foot—operated switches shall be limited to noncritical or infrequent operations.

(3) Foot—operated switches shall be compatible with the restraint system being
employed.

B. Operation —

(1) Foot—operated switches shall be positioned for operation by the toe and the ball of
the foot rather than by the heel.

(2) Foot-operated switches shall be located so that the crewmember can center the ball
of the foot on the switch button, consistent with section 3.0.

(3) Deleted.

(4) Foot—operated switches shall be operable by a crewmember wearing Government
Furnished Equipment IVA footwear.

C. Feedback — A positive indication of control activation shall be provided (e.g., snap feel,
audible click, associated visual display).

9.3.3.3.10 PEDALS
Design requirements for pedals are provided below:
A. Control Return —

(1) Except for controls which generate a continuous output, pedals shall return to the
original null position without requiring assistance from the crewmember.

(2) For pedals in which the operator may normally rest the foot on the control between
operations, resistance shall be provided to prevent inadvertent activation of the
control (e.g., accelerator pedal).

B. Pedal Travel Path — The travel path shall be accessible to the crewmember, providing
articulation paths for the operator’s limbs based on anthropometric requirements in section
3.0.

C. Nonslip Pedal Surface — Pedals shall be provided with a nonslip surface.
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9.3.3.3.11 ROCKER SWITCHES

Where rocker switches are used, the following design requirements apply:

A. Positive Indication — An indication of control activation shall be provided (e.g., snap feel,
audible click, associated or integral light).

B. Dimensions, Resistance, Displacement, and Separation —

(1) Dimensions, resistance, displacement, and separation between centers of rocker
switches shall conform to the criteria in Figure 9.3.3.3.11-1.

(2) Resistance shall gradually increase, then drop when the switch snaps into position.

(3) The switch shall not be capable of being stopped between positions.

o~
S—
\/Aw 4
Dimensions
W, Width L, Length Resistance
Minimum 6.0 mm (0.25 in.) 13.0 mm (0.5 in.) 2.8 N (10.0 02)
Maximum 11.0 N (40.0 02)
- Separation
Displacement (center—to—center)
H, Ht, Depressed A, Angle S (bare hand)
Minimum 3.0 mm (0.125in.) 30 degrees 19.0 mm (0.75in.)
Reference: 2, page 96

FIGURE 9.3.3.3.11-1 ROCKER SWITCHES

C. Orientation —

(1) Deleted.

(2) Activation of the upper wing of a rocker switch shall turn the equipment or
component on, cause the quantity to increase, or cause the equipment or component
to move forward, clockwise, to the right, or up.

D. Deleted.
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9.3.3.3.12 PUSH-PULL CONTROLS
Design requirements for push—pull controls are provided below:

A. Handle Dimensions, Displacement, and Clearances — Handle dimensions, displacement,
and clearances for push—pull control handles shall conform to criteria in Figure

9.3.3.3.12-1.
Configuration Application criteria Design criteria
example Dimensions Displacement | Separation
Push—pull control for D, min dia C, min 25.0 S, min
two—position mechanical | 19.0 mm | clearance +/—13.0 mm space
and/or electrical systems.| (0.75in.) 25.0 mm (1.0 between
@ﬂ Alternate three—position (1.01in.) +-05in.) 3§g il’rT:m
?! plus rotary function Add min between (1.5in)
™ g o~ acceptable for application 13.0 mm pull positions Add
b such as vehicle headlightg (0.50in.) 13.0 mm 13.0 mm
plus parking lights, panel for gloved (0.51in.) (0.51in.) for
and dome lights provide hand gloved
serrated rim. hand
Alternate handle; miniaturg D, min dia NA L, min Minimum S, min
X'\ electrical panel switch 6.0 mm length 13.0 mm space
L only. Avoid glove use (0.251in.) 19.0 mm (0.5in.) between
application. (0.75in.) 25.0 mm
0 (1.0in.)
High—force push—pull, for W, min D, depth C, min Minimum S, min
two—position mechanical width 16.0 to clearance 25.0 mm space
C system only. 100.0 mm | 38.0 mm 38.0 mm (1.0in.) between
(4.0in.) (5/8t0 1.5 (1.5in) Preferred 13.0 mm
NS 4 in.) Add 50 mm (05in)
W D 6.0 mm (2.0in.)
\:ﬁ (0.25in.)
for gloved
hand
0\ Same as above. Preferredq W, min D, depth C, min Minimum
" where possible garment of  width 16.0 to clearance 25.0 mm
cable—snag possibility 100.0 mm | 38.0 mm 32.0 mm (2.01in.)
~Z | exists. (4.0in) | (5/8t01.5| (1.5in)
¢ in.) Preferred
W x_#| Note: One— and two—finggr  Add : 50.0 mm
} pulls also acceptable for [ 25.0 mm (2.0in.)
D less than 18.0 N (4.0 Ib) | (1.0 in.) for
‘ applications. gloves

FIGURE 9.3.3.3.12-1 PUSH-PULL CONTROLS

B. Rotation —

(1) Except for combination push—pull/rotate switch configurations, push—pull control
handles shall be keyed to a nonrotating shatft.

(2) When the control system provides a combination push—pull/rotate functional
operation using a round style knob, the rim of the knob shall be serrated.

C. Detents — Mechanical detents shall be incorporated into push—pull controls to provide
tactile indication of positions.
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Action of push—pull controls shall be:
(1) Pull towards the operator for ON or activation; push away for OFF or deactivation.
(2) Clockwise for activation or increasing function of combination pull/rotary switches.

Resistance — Force for pulling a panel control with fingers shall be not more than 18.0 N
(4.0 Ib); for pulling a T—bar with four fingers, force shall be not more than 45.0 N (10.0
Ib).

9.3.3.3.13 CIRCUIT BREAKERS
Design requirements for circuit breakers are provided below:

A.

General —
(1) Deleted.
(2) Circuit breakers shall be resettable.

(3) Circuit breakers shall be of the plunger type ("pop—out”, pull-to—release,
push—to-reset).

(4) Alltripped conditions shall be visually indicated.
Deleted.
Separation and Arrangement —

(1) A minimum 1.27 cm (0.5 in.) edge—to—edge distance shall exist between circuit
breakers grouped in horizontal rows.

(2) A minimum of 2.5 cm (1.0 in.) shall be between rows.
Displacement —

(1) All tripped conditions of the plunger type circuit breaker shall be indicated by a
white or silver band. When the circuit breaker is closed, the band shall not be visible
(see Figure 9.3.3.3.13-1).

(2) The “off” or tripped condition of the switch type circuit breaker shall be indicated
when the handle is in the "down” position (see Figure 9.3.3.3.13-1)

Resistance —

(1) The force required to reset a plunger type circuit breaker shall not exceed 53.0 N
(12.0 Ib).

(2) The force required to manually trip a plunger type circuit breaker shall not exceed
35.0 N (8.0 Ib).

9.3.3.3.14 SLIDE SWITCH CONTROLS
Design requirements for slide switch controls are provided below:

A.

Dimensions, Resistance, and Separation —

(1) Dimensions, resistance, and separation of slide switch handles shall conform to
criteria in Figure 9.3.3.3.14-1.

(2) Detents shall be provided for discrete control settings. Resistance shall increase,
then drop when the switch snaps into position.

(3) The discrete control slide switch shall not be capable of stopping between positions.
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Plunger Type
10.8 mm dia
(043 n) Switch Type
5§mm g~ 25mm
{0.22 in) | *’ (0.1n) 270
i
076 mm il l HO
(0.03in} R {typ) 125mm Mountin 16 mm
9
24mm g (0.5n) hardware 1063 n)
0% ) l
Trip indicator ™~ |
[ J8mm
L/\/_ 0.15im™"
L
FIGURE 9.3.3.3.13-1 CIRCUIT BREAKERS
Dimensions Resistance
Actuator height, H Actuator width, W Small switch Large switch
Minimum 6.0 mm (0.25in.) 6.0 mm (0.125in.) 2.8 N (10.0 02) 2.8 N (10.0 02)
Maximum - 15.0 mm (1.0 in.) 45N (16.0 0z) 11.0 N (40.0 02)
Separation, S
Single finger operationh Single finger Simultaneous
sequential operation| operation by different
fingers
Minimum 19.0 mm (0.75in.) 13.0 mm (0.5in.) 16.0 mm (5/8 in.)
Maximum 50.0 mm (2.0 in.) 25.0 mm (1.0 in.) 19.0 mm (0.75in.)

FIGURE 9.3.3.3.14-1 SLIDE SWITCHES
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Deleted.

Positive Indication — Slide switch controls that are analog or involve more than two
discrete positions shall be designed to provide positive indication of control setting.

Switch Action — Moving the slide up or away from the operator shall result in turning the
equipment or component on, causing a quantity to increase, or causing the equipment or
component to move forward, clockwise, to the right, or up.

9.3.3.3.15 LEGEND SWITCHES

Design requirements for legend switches are provided below:

A. Dimensions, Resistance, Displacement, and Separation — Dimensions, resistance,

displacement, and separation between adjacent edges of legend switches shall conform to
the criteria in Figure 9.3.3.3.15-1.

SL 22 A parers Resistance
Size Displacement Bw Bg !
5 Minimum 19.0 mm 3.0 mm 3.0 mm 5.0 mm 2.8N
(0.75in.) (1)[ (0.125in.) (2)| (0.125in.)| (0.1875 in.)| (10 0z) (3)
. 38.0 mm 6.0 mm 6.0 mm 6.0 mm 16.7 N
Maximum |15 i ) (0.25in.) | (0.25in.) | (0.25in.) | (60.0 0z)

Note:

(1) 15.0 mm (5/8 in.) where switch is not depressed below the panel.
(2) 5.0 mm (0.1875 in.) for positive position switches.

(3) 5.6 N (20.0 oz) for use in moving vehicles

FIGURE 9.3.3.3.15-1 LEGEND SWITCHES

Barrier Height —

(1) Barrier height from panel surface shall conform to the criteria in Figure 9.3.3.3.15-1.
Unless otherwise specified, barriers are required on critical switches and on switches
likely to be inadvertently actuated.

(2) Barriers, when used, shall not obscure visual access to controls, labels, or displays.

Other Requirements —

(1) For positive indication of switch activation, the legend switch shall be provided with
a detent or click.

When touch-sensitive switches are used, a positive indication of activation shall be
provided.

(2) The legend shall be legible with or without internal illumination.
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(3) A lamp test or dual lamp/filament reliability shall be provided for switches if the
mean time between failure is less than 100,000 hours.

(4) Lamps within the legend switch shall be replaceable from the front of the panel by
hand, and the legends or covers shall be keyed to prevent the possibility of
interchanging the legend covers.

(5) Legend switches with integral Light Emitting Diode (LED) shall be replaceable from
the front as a complete unit.

(6) There shall be a maximum of three lines of lettering on the legend plate.

9.3.3.3.16 PRINTED CIRCUIT (DIP) SWITCHES

A. Use — Dual Inline Package (DIP) switches shall not be used for nominal operations or
routine maintenance.

B. Dimensions, Resistance, Displacement, and Separation —
(1) Deleted.
(2) Deleted.
(3) The travel shall be at least twice the length of the actuator.

When actuators are rocker—type, the actuated wing shall be flush with the surface of
the module.

(4) Deleted.

C. Shape - The surface of the actuator shall be indented to accept the point of the stylus.

9.3.3.3.17 KEY-OPERATED SWITCHES

Design requirements for key—operated switches are provided below:

A. Dimensions, Displacement, and Resistance — Dimensions, displacement, and resistance
shall conform to the criteria in Figure 9.3.3.3.17-1.

D|sp|a'16(\:ement, Height, H Resistance

Minimum 30 degrees | 13.0 mm (0.5 in.)[ 115.0 mN—m (1.0 in—-Ib

Maximum 90 degrees | 75.0 mm (3.0in.)[ 680 mN—m (6.0 in—Ib)
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Color, Shape, and Size Coding —

(1) If color is used to aid in identifying various keys by function, or use location, red
(#11105 or #21105 of FED-STD-595) shall be reserved for emergency functions.

(2) Deleted.
(3) |If size coding is used, no more than two sizes shall be employed.
Dimensions shall reflect the minima and maxima shown in Figure 9.3.3.3.17-1.

Marking and Labeling — Key—operated switch applications shall include position markings
and labels.

Other Requirements —

(1) Keys with teeth on both edges shall fit the lock with either side up or forward with
respect to the normal position of the operator.

(2) Keys with a single row of teeth shall be inserted into the lock with the teeth pointing
up or forward with respect to the normal position of the operator.

(3) Locks shall be oriented so the key’s vertical position is the OFF position.

(4) Operators shall normally not be able to remove the key from the lock unless the
switch is turned OFF.

(5) Activation of an item by a key—operated switch shall be accomplished by turning the
key clockwise from the vertical OFF position.

9.3.3.4 COMPUTER INPUT DEVICES

9.3.3.4.1 KEYBOARDS

Requirements for keyboard design are provided below:

9.3.3.4.1.1 LAYOUT

A.

Alphanumeric — The basic alphanumeric character arrangement for standard keyboards
shall conform to USA Standard Typewriter Pairing of the American Standard Code for
Information Interchange. See Figure 9.3.3.4.1.1-1.

Deleted.

Number Keypad —

(1) When used, a number keypad shall be to the right—hand side of the main keyboard.
(2) The arrangement of the numeric keypad shall conform to Figure 9.3.3.4.1.1-2.

Function Keys — The use of function keys will depend on the specific system that the
keyboard is a part of.

(1) Deleted.

(2) Location of Function Keys — Certain functions that occur together should be placed
in the same area.
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FIGURE 9.3.3.4.1.1-1 KEYBOARD LAYOUT

FIGURE 9.3.3.4.1.1-2 NUMERIC KEYBOARD

(3) Function Key Types —
a.  Fixed Function Keys —
1) Programmable fixed function keys shall be provided.

2) In addition, at least one CONTROL key and a set of cursor control keys
shall be provided.

b.  Cursor Movement Keys — Cursor movement keys shall be arranged in a spatial
configuration reflecting the direction of actual cursor movement (see Figure

9.3.3.4.1.1-3).
c. Deleted.
(4) Deleted.
(5) Deleted.



SSP 50005C 15 December 1999

FIGURE 9.3.3.4.1.1-3 CURSOR MOVEMENT KEYS

9.3.3.4.1.2 GENERAL

A.

B.

Deleted.
Control Switches —

(1) All commonly used controls associated with keyboard functioning (e.g., on/off) shall
be readily accessible to the user.

(2) Both the controls and their labels shall be visible to the user.
Key Markings —

(1) The key legends shall be placed on the key in such a way as to be resistant to wear
and abrasion.

(2) If the label cannot be placed on the key, it shall be placed above it.

Finger Placement Aids — Two home—row keys (right hand and left hand) on a standard
keyboard and the "5” on number keyboards shall be distinguishable to facilitate the correct
placement of the fingers for touch typists.

Keyboard Placement — The keyboard shall be placed within the reach envelope as defined
by the neutral body posture, Figure 3.3.4.3-1, and the restraint system being employed.

Operating Force — The operating force of a terminal keyboard shall be per Figure
9.3.3.4.1.2-1.
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